
CFsCH20Ea and methyl iodldP gctvc .L compound 1,. p 
3 - 2 7 " ,  n@D 1.3515 which separ'ited into two layers ,it 
-78" and was probably a. mixture of ether and iodiue, 1x1 

ddition to 55Cr, of recovered alcohol. This reaction wdi 
repeated with methyl bromide instead of iodide, a modifi- 
(.ation which permitted the isolation by distillation of the 
i.ther, CF&HzOCH,, in 4:jC; conversion or 6 t 5  net 

irld. This is the same ether which 
iethaane on trifluoroethanol had given 
CF&HtOXa and ethyl chloride ga. 

crude ether, b. p 
tlroniide in~t rad  of chlaritie g,tve GO' ; of pnotl i%tlitLr, 
C FCHpOC2Hs, purifiablc 1)y distillation. 

fF3CH2CH20Na and methyl brouiitie ga\e W L ~ c  of 
gooti ether, C1.'3CHpCHzC)CI-I. ; with ethvl bromide a 'W( 
5 ir~ltl of the corresponding ethyl tsther v( AS obtained. 

'1 lie re,tc-tiori betwt-en CF CI-I~OS,t ayd BrCI12CF2H 
g,tvc. :in unqtable product, b. p about 7'1) , irhich decom- 
posed steadily to give CF~CI-IIOI-X 

Perchlorination of CF~C€I.OCl;,CE'~H. - rkn. chloriii,t- 
tion wa5 performed to obtain J. prrhalogenated ether a t  J. 

time when perfluorinated ethers .nwe not yet available : 
trsts were made on both types of materials, and they gave 
similar results. Chlorination of CRCHZOCF~CF~II  wa5 
doue by means of a stream of chlorine through the liquid 
held in a quctrtL flask illumiriated IJY . ill  ultraviolet h i p .  
The escaping gases (mostly hydrogel1 chloride) were pisset1 
through A Dry-Ice trap, the contents of nhich w r c  peri- 

45.2-4>-2", 7LL0D 

The chlorin,itiori 

\Jecolilc eweediiigly sluggish after the fourth day. Thc 
best sample so obtaiuetl was still contaminated with some 
hydrogen containing coinpound as shown by a chlorine 

tmC for CaOC13F7 arid 

Examination of C4OC1tFi. -This compound was soluble 
in  ether m d  in 95Yo ethanol, insoluble in phosphoric or 
sulfuric acids; i t  did not dissolve ferric chloride; it 
not hydrolyze in sulfuric acid at 90' in fifteen minutes 
ihowti by negative tests for the chlorine and fluorine io 
it remained colorleq2 after 48 hours of reflux from fuming 
nitric x i d ;  ,ifter completing this test, the refractive index 
of the orgaiiic layer had dropped to  only 1.3294, and the 
r i c t  1ayt.i gare tiegatibc tezts for the chlorine and fluorine 
ioii5; a repetition ol the niiri id test, in sealed tube at  
I~u" gave tht. smie negattve r e d t s ;  after 24 hours of 
hcatiug with 4XL'i hydriodic acid in sealed tube at 150", the 
compound showed 110 chaiigc in refrsctivr index. 

Examination of C&L~O.---After redistillation, a sample 
oi' GFoOC4F9, gift of the Minnesota Mining and Manu- 
tdcturing Co., showed the physical properties listed in the 
table. Tt was insoluble in water and in 95% alcohol, and 
only partly soluble in ether; it  did not dissolve ferric chlo- 
ride, nor react upon addition of calcium hydride; it did not 
dissolve in phosphoric acid; it was unaffected by a &hour 
period of refluxing from fuming nitric acid, as shown by the 
.ibsence of fluorine ions; the hydriodic test at 150" for 24 
hours cmsed no change iri refractive irides. and did not 
pcnrr'tte fluorinc ion-. 

Summary 
Ethers with polyfluorinated groups on one 

or on both sides of their oxygen atom have beeti 
synthesized. The stability of the halogens, the 
strength of the oxygen bridge and the loss of basic 
character of the ether function have been exam- 
ined arid related to the position of the fluorinated 
grrJups. 
c 01. I-?lUr'b,  Omo RECEIVED J A N U A R Y  19, I9 . i l l  

' ~ O ~ J X I L I ~ ~ T l O ~  FROM THE IJBP4RTIIEYT 01' CJfPMISTKl, I \I\ 'ERhITP OF SOTRE DAME]  

The Preparation and Some Reactions of 1 , 1 , 1-Trifluoro-&alkenes1 
l i ~  KEXSFTII S. C'.IIIPHFT I,, J 4 a i w  0. KNC.HI~OCI~~ AND H A R R ~ R , Z  K. CAMPBELL 

The addition reactions of (~lefill5 containing a 
trifluoromethyl group adjacent to the double 
bond should be of considerable interest. This 
group would be expected to exert a strong elec- 
tron-attracting inductive effect and, as it con- 
tains 110 double bonds, there is no possibility of  
addition to a conjugated qystem t o  coniplicatc 
the results Soiiie work has been donc on thc 
closely related trichloro methyl ethylenesds4 but 
111 this case an allylic shift of one of the chlorine 
atoms IS apt to  O C C U ~ . ~ , ~ , ~  The fluorine atonic 
o f  the trifluoroniethyl group are held so tightk 
to the carhtrn atom6 that a similar :dlvlic re 

I i  brow thr Ph U, Cl l \ ,< l i  L ~ W U  uf I A r u r s  0 k u u b i o c h  L u r r l  
,it> ol Notre Dame June I949 Prcrnted nt thr Organic Utviaou, 
Atlantic City meeting of the American Chemical r ~ c i e t y .  September 
1949 

(2) Stondard 011 ot Indiuin Pellaw, UruverSity of hotrr Dame, 
1947-1849. 

8) Price and Marshall, J U r g  C h m ,  8, 632 ( l W 3 3 i  

iS) Jacoh l i u r !  vi 

arrangement appears unlikely. Practically no 
work seems to have been reported on the addition 
reactions of trifluoroinethyl ethylenes. lye have 
therefore, undertaken 3 study of the addition re- 
actions of olefins containing the group F?c--c=-c<, 
drid in the present paper are reporting methods 
v i  preparation and preliminary results on some 
ddition reactions. 

Very few trifluorornethyl ethylenes have been re- 
ported. Heme and Hinkamp? have prepared 1,1,2- 
trifluoro-%butene by the dehydrohalogenation of 
I ,l,l-trifltioro-.7-chlorobutane, and l,l,l-trifluoro- 
?-propem has kern prepared in a similar 
rhis procedure is iiot practical for the preparation 
of higher homolugs, however, as the intermediate 
chloro compounds are not readily available. 

Swart+' synthesized 1,1,1-tduoroS-methvl-% 
7) Hcnne aud Hinkaurp, Tam JQWXNAL, 6?, 1194 ( 1 4 4 i  
3) Sbertr  I (', I .&rhetlinrlti~trit Z (, Rr i m  I ,  1 r.iiihliir I \ I  

Lpr i l  3 1041 
e and \I dalkrs, 1 l f l . -  I u u R \ \ L ,  68, 497 I 1411 

t E l i l l  ~7 him W r  S 6 , l W  l W 7  
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propene from the corresponding tertiary alcohol, 
1,1,l-trifluoro-2-methyl-2-propanol, by the action 
of phosphorus pentabromide. The carbinol was 
obtained by treatment of ethyl trifluoroacetate 
with excess methylmagnesium iodide. Since tri- 
fluoroacetic acid is readily available, this ap- 
proach appeared to be the most promising, and 
consequently we investigated the action of 
Grignard reagents on the ethyl and butyl esters 
of trifluoroacetic acid. 

Although SwartslO obtained the tertiary alcohol 
from ethyl trifluoroacetate and an excess of 
methylmagnesium iodide, we have found that use 
of larger Grignard reagents leads instead to the 
secondary alcohols. Thus when n-propylmag- 
nesium bromide was used a 74% yield of l , l , l-  
trifluoro-2-pentanol was obtained; n-hexylmag- 
nesium bromide gave similar results, and in neither 
case could any of the tertiary alcohol be found. 
With ethylmagnesium bromide both the secondary 
alcohol (31%) and the tertiary alcohol (39%) 
were formed. 

This abnormal reaction between trifluoro- 
acetic esters and Grignard reagents cannot be 
explained solely on the basis of steric hindrance, 
for the much more bulky ethyl trimethylacetate 
reacts with n-propylmagnesium chloride to give 
both the tertiary alcohol (40%) and the secondary 
alcohol (48%).11 Probably the highly electro- 
negative character of the trifluoromethyl group 
plays an important part in this reaction. 

If, as seems probable, the secondary carbinol is 
formed by reduction of the intermediate ketone 
F3C-c02C2Hs + n-CaH7MgBr -+ 

0 
II 

FaC-C-CsH~ + MgBr(OCH6) 
FBC-C--CIHI 4 n-C8H,MgBr --it 

II 
0 

FaC-CH-CoH, + CsHs 
I 

OMgBr 

then it should be possible to isolate the ketone 
if the Grignard reagent is added to the ester, and 
show, in a separate step, that the ketone is 
reduced by the Grignard reagent. This has been 
done. When n-hexylmagneium bromide was 
added to an equimolar amount of ethyl tri- 
fluoroacetate, there was obtained l,l,l-trifluoro-2- 
octanone as well as the secondary alcohol, l , l , l -  
trifluoro-2-octanol. This ketone on treatment 
with excess propyl or hexyl magnesium bromides 
was reduced to the secondary alcohol, and none 
of the tertiary alcohol was formed. This is in 
contrast to the results obtained by Simons and 
Ramler12 who prepared l,l-diphenyl-2,2,2-tri- 
fluoroethanol by addition of phenylmagnesium 
bromide to the ketone. Jacob6 however, ob- 
served a reduction similar to the one reported 
here, for he obtained the secondary alcohol from 

(11) Leroide, Ann chirn., [Q] 16, 384 (1921). 
(12) Simons and Ramler, THIS JO<~RKAI, ,  66, 580 (1943). 

trichloroacetyl chloride and ethylmagnesium bro- 
mide. 

The secondary alcohols, l,l,l-trifluoro-2~0~- 
two1 and 2-pentanol, proved to be eztremely 
resistant to dehydration, as would be expected 
from the strong inductive effect of the tdluoro 
methyl group. No dehydratioa occurred when 
1,1,1-trifluoro-%octano1 was heated with potas- 
sium acid sulfate, concentrated sulfuric acid, 
85% phosphoric acid or with phosphorus pen- 
toxide at 235'. When a vapor-phase dehydration 
over activated alumina at 350' was attempted, 
the carbinol decomposed to give lower molecular 
weight material boiling over a wide range. Jacob6 
observed a similar, but less marked, resistance to 
dehydration in the case of l,l,l-trichloro-2- 
methyl-2-butanol. 1,l,l-Trifluoro-2-octano1 was 
converted to its methyl xanthate derivative in 
the hope that this could be pyrolyzed to the 
olefin. The methyl xanthate proved to be ex- 
tremely stable, however, and could be distilled 
a t  atmospheric pressure (b. p. 241-243') with but 
slight evidence of decomposition. 

The carbinol was finally converted to the 
olefin in satisfactory yield by pyrolysis of the 
acetate ester over glass wool, by the procedure 
of Wibaut and van Pelt.13J4 At a temperature of 
450°, which is usually sufficient for acetates of 
secondary alcohols, the trifluorooctyl acetate 
was recovered unchanged, but at 500°, the yield 
of olefin was 65y0. Higher temperatures caused 
considerable carbonization. 

The action of dialkylcadmiums on trifluoro- 
acetyl chloride was investigated as a possible 
route to trifluoromethyl alkyl ketones, but proved 
to be more complex than had been anticipated. 
The maximum yield of 1, 1,l-trifluoro-2-octanone 
obtained from dihexylcadmium in benzene solu- 
tion was 22%. 

When the reaction was carried out in ether solu- 
tion, a 13% yield of tertiary alcohol, trifluoro- 
methyldihexylcarbinol, was obtained, but no 
ketone could be isolated. If the ketone is an 
intermediate in the formation of the tertiary 
alcohol, then it reacts with alkylcadmium com- 
pounds by a different mechanism than with alkyl- 
magnesium compounds. Apparently diphenyl- 
cadmium reacts normally with trifluoroacetyl 
chloride, for Jones15 obtained a 61% yield of 
trifluoroacetophenone by this reaction and did 
not report the formation of any tertiary alcohol. 

Other possible routes to trifluoromethyl ole- 
fins were abandoned when attempts to add tri- 
fluoroacetyl chloride to l-hexene'* failed and when 
trifluoroethanol could not be converted to tri- 
fluoroethyl bromide as reported by S ~ a r t s . ~ ~  

(13) Wibaut and van Pelt, RCC. trow. chim., 17, 1055 (1938). 
(14) Wibrut and vra Pelt, ibid., 90, 56 (1041). 
(15) Jon-, THS JOURNAL, 10, 143 (1948). 
(16) Swarts, Comfit. rend., lB7, 1261 (1983). It should be noted 

that Oilman and Jones (Tars JOURNAL, 66, 2037 (1943)) reported 
that they were unable to get appreciable yields of trifluoroethyl iodide 
from the alcohol with iodine and red phosphorus 



The tnfluoromethyl group adjacent to the 
double bond has a marked influence on the 
addition reactions of l,l,l-trifluor0-2-octene. 
This olefin, like trichloroi~obutene,~ is not soluble 
in concentrated sulfuric acid and like trifluoro- 
isobutene'O reacts but slowly with bromine; 
after 17 days in the light only 23% of the cal- 
culated amount of bromine in chloroform was 
used up. Addition was somewhat more rapid 
when aqueous bromine-potassium bromide was 
used; 17% of the theoretical amount of halogen 
was consumed in forty hours, On the other 
hand, trifluoroijctene was readily oxidized by 
potassium pernianganate in the cold to caproic 
acid, and when hydrogenated over Raney nickel a t  
room temperature and atmospheric pressure one 
mole of hydrogen was taken up and absorption 
then ceased. 

Fluoro olefins such as l,l-difluoro-2,2-dichloro- 
ethylene react readily with nucleophilic reagents" 
and it was expected that 1,1,1-trifluoro-2-octene 
would be attacked by these reagents also. Pre- 
iitninary attempts however, to add sodium 
methoxide, sodiomalonic ester, diethylamine and 
tert-butylmagnesium chloride failed but further 
work on the addition reactioi IS of  trifltiorornethyl 
rthylenes is in progre 

Experimentali8, 
Esters of Tri3uoroacetic Acid. -The ethyl ester was 

prepared by the method of Gilman and Jones.Jo Frac- 
tionation of the crude product from phosphorus pentoxide 
through a helix-packed column gave material of b. p. 60- 
li2", w z a ~  1.3076, in sScY0 yield. The wbutyl ester was 
prepared similarly, except that the refluxing period was 
txtended to  twenty-four hours. T€ge yield was 84% of 
iroduct having ti. p- 1r)2.7-14)8.8 , T Z ~ O D  1.3391, d2"4 
' .Olf j ,  A RF 1.30 

Amd. Calcd. for C&iJJO~. (2, 42.36, I t ,  L.:;:$ 
Found: G,42./7; €1, 2.29. 

Trifluoroethanol. -lt \!as found more convenient to re- 
t iuce butyl trifluoroacetate than trifluoroacetyl chloride be- 
c.iuse of the low boiling point of the latter ( -27"). Butyl 
trifluoroacetate (116 g., 0.68 mole) was added with stir- 
ring, during the course of two hours, to  a solution of 17.8 g. 
(0.46 mole) of lithium aluminum hydride in 500 ml. of dry 
ether. The heat of reaction caused the mixture to  reflux, 
and refluxing was continued for fifteen minutes after addi- 
tion was complete. Excess lithium aluminum hydride 
\ u s  destroyed by the cautious addition of water, the mix- 
ture was poured onto ice and dilute sulfuric acid and the 
.iqueous layer was extracted with two 100-ml. portions of 
L ther. The trifluoroethaiiof obtained by distillation of 
the dried (magnesium sulfate) extracts still contained 
~ ~ ~ t e r ,  arid w'is converted to the anhydrous material by 
diitillation otei phosphorus pentoxide. The yield was 
7C14b, b. p. i3.9-74.1- ($50 m . j ,  dLo4 1.3842. The 3,s- 
riinitrobenzoate had 111. 11. 68-6:; ". 

A n d .  Cakd. for C Q H ~ F ~ N & ~ ~  C. 36.75; H,  1.71. 
FuLlucf: c ,  36.85; EI, 3.42. 

(17) Miller. Fager and GriswoId, Tms JOURNAL, TO, 431 (10483; 
Brown and Txrrant,  paper presented at Atlantic City A.  C. S. meet- 
ing,  September, 1949. 

(18) Some of the  analyses were carried out by the Clark Micro.. 
analytical .Laboratory, Urbana, Tllinois. and the rest by Microtech 
l,aboratory, Skakic, liliiioiii. 

We wish to  thank tho Hooker blrctrochcmical Campan? for 

Attempts to  prepare trifluoroethyl bromide by the 'tctioii 
of phosphorus pentabromide on the alcohol failed. 

Attempted Preparation of 1 , l  ,l-Trifiuoro-3-octen-2- 
one .-Trifluoroacetyl chloride21 was treated with 1-hexene 
in carbon disulfide using aluminum chloride and aluminum 
bromide as catalysts, by the general procedure of Simons 
and Ramler,lz but only small amounts of impure products 
were obtained. 

Reaction of Dihexylcadmium with Trifiuoroacetyl Chlo- 
ride. (a) In Benzene Solution.-Di-n-hexylcadmium was 
prepared from 1.15 moles of n-hexyl bromide by the general 
procedure of &sonzz; 430 ml. of ether was removed by 
distillation and 750 ml. of dry benzene was added. The 
dppratus  was equipped with a Dry Ice-isopropyl alcohol 
condenser, the reaction flask was immersed in an ice-bath 
and thr trifluoroacetyl chloride generated from 30 g. 
1 0 .264 mole) of trifluoroacetic acid and excess benzoyl 

L hloride21 was passed into the well-stirred suspension of di- 
hesylcadmium in the course of two and one-half hours. 
The mixture was refluxed for one hour, cooled and poured 
onto ice and dilute sulfuric acid. The aqueous layer was 
c-xtracted with two 125-ml. portions of benzene; and the 
combined extracts were washed with water, dilute car- 
bonate and brine solutions and dried over sodium sulfate. 
Distillation through a helix-packed column gave 11 g. of 
material of b. p. 135-144O, w'~ 1.3773-1.3788, which was 
redistilled from phosphorus pentoxide to  yield 7.3 g. of 
anhydrous trifluoromethyl hexyl ketone, h .  p. 70-73" 
(187 inm.), 1.3727, d"4 1.0498. 

The p-nitrophenylhydrazone melted at  89-90 :tfter 
two recrystallizations from aqueous pyridine. 

. i m ~ i .  Calcd. for ClaHI,F,S30u. C, 52.99; TI, 2 72. 
I ound: C,  52.97; II,,5.74. 

*L'he ~,4-dinitrophenylhydraz~rie originally precipi- 
t'ited .AS an oil which gradually solidified. After two re- 
f rystallizations from ethanol it had m. p. 45-46'. 

AtzuZ. Calcd. for CuHI~F~N~04 :  C, 46.41; 13, 4.73; 
U, 15.47. Found: C, $6.50; H, 4.68; h', 15.15. 
(b) In Ether Solution.--When the ether was not re- 

placed by benzene before addition of the acid chloride no 
ketone was obtained, but ;L 13% yield of trifluoromethyl- 
dihexylarbinol was isolated; b .  p .  97.5-100" (1.3 mm.), 
ii% 1.4180; P. 0.9891, A h  1.10. Attempts to prc- 
p.trc :L c ryit,dline derivative wt ie  unsuccessful. 

.4wd Caled. for C,,H2?F 0 .  C ,  62.65; IC, 10 l i  
Found: C ,  ti2.78, FI, 10 40. 

Reaction of Grignard Reagents with Esters of Tri- 
fluoroacetic Acid. (a) ii -Propylmagnesium Bromide. - 
A4 solution of 25.0 g. (0.1% mole) of ethyl trifluoroacetate 
in 40 ml. of dry ether was added dropwise to  the Grignard 
reagent prepared from 72.3 g .  (0.587 mole) of n-propyl 
bromide and 14.3 g. (0.587 g. atom) of magnesium in 150 
ml. of dry ether. The reaction mixture was cooled in an 
ice-bath during the addition, which required thirty min- 
utes. It was then stirred at room temperature for three 
hours, refluxetl for one and a quarter hours and allowed to 
stand overnight. The mixture was poured onto ice arid 
ammonium chloride, the aqueous layer extracted with two 
100-ml. portions of ether, the ether extracts dried over 
calcium chloride and distilled through a helix-packet1 
column. There was obtained 18.6 g. (74;4y0) or l , l , l -  
trifluoro-2-pentano1, b. p. 109.2-111.5 (74.5 rnm.), 
n e 0 ~  1.3533, dzo, 1.136, ARB 1.21. 

And. Calcd. for C,H,P 0 :  C ,  43.25; i-1, ti.SX. Found 
C ,  42.66; 11, 6.68. 

I b) n-Hexylmagnesium Bromide.-This reaction wits 
carried out as described above, using 122 g. (0.86 mole) of 
ethyl trifluoroacetate and the Grignard reagent obtained 
from 3 moles of n-hexyl bromide and 3 g. atoms of magne- 
sium. The main fraction (b. p. 142-181.5') obtained on 
distillation of the hydrolysis product was redistilled 
through a helix-packed column to give 122 g. (77.8700) of - _ _  

n, c u d ,  60, 1325 (198$, Tlnker T i  5 2 ?i i ,R64 ( 1 R l l  
I 
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material of b. p. 163.5166' (751 mm.), nZOD 1.3886- 
1.3870. Analysis indicated that the triftuoro-2-octanol 
was contaminated with about 5% of dodecane which could 
not be removed by distillation. Analytically pure l,l,l- 
trifluoro-2-octanol was obtained by dissolving the material 
in concentrated sulfuric acid and recovering the carbinol 
by dilution with water. The purified carbinol had the 
following physical constants: b.. p. 165.7-166.2' (751 
mm.), n% 1.3834, da4 1.056, A R F  1.12. 

Anal. Calcd. for C L ~ H ~ ~ F S O :  C, 52.16; H ,  8.21. 
Found: C, 51.97; H ,  8.51. 

(c) Ethylmagnesium Bromide.-When the Grignard 
reagent from 0.88 mole of ethyl bromide reacted with 0.26 
mole of ethyl trifluoroacetate two main fractions were 
obtained: (1) the first fraction boiled from 80 to 116' and 
appeared to  be an inseparable mixture of ethanol and 1, lJ-  
trifluoro-2-butanol; (2) the second fraction had b. p. 

0.97, and represented a 39% yield of the tertiary alcohol, 
trifluoromethyldiethylcarbinol. 

Anal. Calcd. for CeHllFaO: C, 46.15; H, 7.10. 
Found: C, 46.28; H,  6.82. 

When butyl trifluoroacetate was used instead of the 
ethyl ester, it was possible to  isolate pure secondary al- 
cohol. The l,l,l-trifluoro-2-butanol, obtained in 31% 
yield, had b. p. 90.8-91.8" (752 mm.), nZ0D 1.3403, azo, 
1.166, A m ,  1.38. 

117.1-117.2' (750 mm.), ?ZmD 1.3723, dw4 1.145, ARF 

Anal. Calcd. for CdH7FaO: C, 37.50; H ,  5.51. Found: 
C, 37.53; H ,  5.77. 

In this case the tertiary alcohol could not be isolated 
pure, as it formed an azeotrope, b. p. 115-118', with the 
n-butyl alcohol present. 

(d) Reverse Addition of n-Hexylmagnesium Bromide 
to Ethyl Trifluor0acetate.-n-Hexylmagnesium bromide 
(from 0.18 mole of hexyl bromide) in 35 ml. of dry ether 
was added during two and one-half hours to  a solution of 
0.18 mole of ethyl trifluoroacetate in 35 ml. of ether, cooled 
in an ice-bath. The mixture was then stirred a t  room 
temperature for two hours, refluxed for two hours and hy- 
drolyzed with ice and dilute sulfuric acid. The aqueous 
layer was saturated with salt and extracted with two 40 
ml. portions of ether. On redistillation of the main frac- 
tion (b. p. 79-177") most of the material boiled between 
150 and 170', n z o D  1.3733-1.3880. From the boiling 
point and index of refraction data this appeared to  be a 
mixture of 1 ,l,l-trifluoro-2-octanone and its reduction 
product, 1,1,l-trifluoro-2-octano1. The presence of the 
ketone was demonstrated by the formation of a 2,4- 
dinitrophenylhydrazone, m. p. 43.5-44.5', which did not 
depress the m. p. of the derivative prepared from the di- 
hexylcadmium reaction. 

Reaction of 1,l ,l-Trifluoro-2-octanone with Propyl- 
magnesium Bromide.-A solution of 5.3 g. (0.03 mole) of 
the ketone in 25 ml. of dry ether was added, with cooling, 
to  propylmagnesium bromide prepared from 1.8 g. of n- 
propyl bromide. The addition required lifteen minutes 
and the mixture was then refluxed for one hour and hy- 
drolyzed. Distillation gave 3.2 g. of 1,1,1-triflu0r0-2- 
octanol, b. p. 165-167.5", nZOD 1.3842, dm4 1.049. 

A similar reaction was carried out with n-hexylmagne- 
sium bromide, but although the product had the very 
characteristic odor of trifluorooctanol, the carbinol was 
contaminated with dodecane from which it could not be 
separated by distillation. 

1,l ,l-Trifluoro-2-octanone by Oxidation of 1 ,I, 1-Tri- 
fluoro3-octanol.-A 30-g. portion of l,l,l-trifluoro-2- 
octanol was oxidized with sodium dichromate in sulfuric 
acid, using the general procedure of Conant and Quayle.2* 
Distillation of the product through a Podbielniak column 
gave a 49% yield of ketone. The best fraction had b. p. 
135.9" (737=.), ne0D 1.3650,dW4 1.053. 

Anal. Calcd. for CaHlsFaO: C, 52.74; H. 7.19. 
Found: C, 52.87; H,  6.89. 
The derivatives prepared from this ketone agreed with 

(23) "Organic Syntheses." Coll. Vol. I, 2nd ed.,  p. 211. 

those of 1,l ,l-trifluoro-2-octanone obtained from ethyl 
trifluoroacetate and dihexylcadmium. 

Methyl Xanthate of 1 ,l,l-Trifluoro-2sctanol.-Pow- 
dered potassium hydroxide (85%, 7.3 g., 0.11 mole) was 
dissolved in 20 g. (0.11 mole) of trifluoro-2-octanol by 
heating. A solution of 16 g. (0.22 mole) of carbon di- 
sulfide in 100 ml. of decaliq was added with stirring to  the 
cold solution, followed by 22 g. (0.156 mole) of methyl 
iodide. The reaction mixture was kept a t  70" for two 
and one-half hours and then allowed to stand overnight. 
I t  was distilled at atmospheric pressure until the distilla- 
tion temperature reached 185". Since the distillate did 
not appear to contain any olefin, the residue was washed 
yi th  water, dried over potassium carbonate and distilled 
zn vacuo. The main fraction came over at 125.5-127.5' 
(15 mm.), GZOD 1.4694, dZ04 1.1342. It boiled a t  241- 
243 ' a t  atmospheric pressure m t h  but little decomposi- 
tion. Analyses indicated that the methyl xanthate con- 
tained about 3% of decalin. 

Anal. Calcd. for CloH17FaO&: C, 43.77; H, 6.25. 
Calcd. for 97% CFL!H(OCSCHS~GH~R + 3% decalin 
(the expected impurity) C, 46.02;-'H; 6.45; 
44.97; H,6.50. . Fiund: C, 

1 ,l,l-Trifluoro-2-acetoxyoctane.-Acetyl chloride (109 
ml., 1.53 mole) was added to  121.4 g. (0.659 mole) of tri- 
fluorooctanol, and after one hour at room temperature the 
mixture was refluxed for five hours and allowed to stand 
overnight. The ester, isolated by pouring the reaction 
mixture into water, weighed 139 g. (93%) and had #@D 
1.3818. It was pure enough for conversion to  the olefm. 
Distillation of a Dortion of the ester through a Podbielniak 
column gave a -main fraction, b. p. 177.2-177.5' (736 
mm.), @D 1.3800, dB4 1.041. 

Anal. Calcd. for Cl~HllF301: C, 53.10; H, 7.58. 
Found: C, 53.7; H, 7.82. 

Use of acetic anhydride gave lower yields (55-5793 of 
the ester. 
1,1,1-Trifluoro-2-acetoxypentane.-This was obtained 

in 85v0 yields by the procedure described above. It had 
b. p. 119-124' (744 mm.), n m D  1.3587. 

1,1,1 -Trifluoro-2-octene.-l,l,l -Trifluoro-2-acetoxy- 
octane (containing a few drops of glacial acetic acidze4) was 
pyrolyzed over Pyrex glass wool at 500 * lo', using an 
apparatus similar to  that described by Wibaut and van 
Pelt.14 The reaction product, which was caught by a 
Dry Ice trap, was brought to room temperature and di- 
luted with water to obtain two liquid phases. The or- 
ganic layer, freed of acetic acid by carbonate and dried 
over magnesium sulfate, was distilled through a Podbiel- 
niak column. Of 76 g. of trifluoroacetoxyoctane used, 
16.7 g. was recovered unchanged, and 25.6 g. of trifluoro- 
2-octene was obtained. This is a 59% yield based on es- 
ter consumed. In other runs the vield was raised to  65%. 

Pure l,l,l-trifluoro-2-octene Gas b. p. 123.4-123.3 
(749 mm.), n% 1.3682, d 9  0.962, A R F  1.18. 

Anal. Calcd. for CsHlaFa: C, 57.82; H, 7.88. Found: 
C, 58.04; H,  8.03. 

When the furnace was kept at 450', practically no py- 
rolysis occurred, and most of the ester was recovered un- 
changed. At 550 ' extensive decomposition took place 
and very little of the desired olefin was obtained. 

1,1,1 -Trifluoro-2-pentene .-This was prepared by py- 
rolysis of the carbinol acetate. The yield of olefin was 
95% based on ester not recovered. l,l,l-Trifluoro-2- 
pentene has b. p. 48.2-49.2 (750 mm.), n% 1.3254, dzod 
0.9971, A R P  1.18. 

Anal. Calcd. for C5H,Fa: C, 48.38; H ,  5.69. Found: 
C, 48.87; H,  5.72. 

-Reactions . of l,l,l-Trifluoro-2-octene. (a) Perman- 
ganate Oxidation.-The olefin (4.4 g.) was oxidized with 
18.2 g. of potassium permanganate in 300 ml. of water 
containing 2.1 g. of potassium hydroxide. The precipi- 
tated manganese dioxide was washed with three 100-ml. 

(24) Houtman, van Steenis and Heertjes, Rcc. lrav. chim., 66, 781 
(1946). 
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portions of boiling water, and the original filtrate and wash 
waters evaporated to 100 ml. This solution was acidified 
(PH 3) with hydrochloric acid and the organic acids ex- 
tracted with tributyl phosphate (three 20411. portions). 
The acids were recovered from the phosphate solution by 
extraction with dilute potassium hydroxide, which was 
then evaporated to dryness. The residue was taken up 
in a little water, acidified vith hydrochloric acid (total 
volume 10 rnl.) and extracted with ether. Evaporatioii 
of the ether under reduced pressure also removed the tri- 
fluoroacetic acid (b. p. 72.4"). The residual crude ca- 
proic acid was converted to  the potassium salt (0.9 8.) 
and then to  the anilide, ni. p. 93.5-94.5", which did not 
depress the m. p. of known caproic anilide. 

(b) Hydrogenation.-An 0.642 g. sample of the olefin in 
alcohol over Raney nickel absorbed the calculated amount 
of hydrogen at  room temperature and atmospheric pres- 
iure, in sixty minutes, and absorption then ceased. 

ic) Bromination.-To a standardized solution of bro- 
mine in chloroform (0.00217 mole of bromine) there wdi 
added 0.5298 g. (0.00319 mole) of olefin, and the solution 
was allowed to stand on the dcsk in a glass stoppered 
flask. A similar sample of the bromine-chloroform solu- 
tion (without olefin) was also allowed to stand. At the 
end of eleven days both solutions were titrated with 0.1056 
AV thiosulfate solution. T h e  blank required 24.98 t l . ,  
the solution containing olefin required 10.90 ml. From 
this it can be determined that the olefin used up 23.3y0 of 
thc nmouiit of bromine required to wturate the double 
bond. 

The olefin (0.547 g., 0.00329 mole) and 25.0 mi. of an 
aqueous bromine-potassiurn bromide solution (0.4012 N) 
were allowed to  stand in a glass-stoppered flask in the dark 
for forty hours. The remaining bromine required 84.5 
ml. of 0.1055 N thiosulfatc, indicating that the olefiii con- 
sumed 17y0 of the calculated amount of bromine. 

(d) Nucleophilic Reagents.--A mixture of 1,lJ-tri- 
fluoro-2-octene (7.4 g.) and excess diethylamine (14 ml.) 
was refluxed for seven days. From the amount of di- 
ethylamine (8470) and olefin (93%) recovered little or no  
addition could have occurred. 

Equimolar amounts of trifluorocictene and sodionialonic 
cster mere refluxed in benzenp for twenty-five hours. 

Most of the olefin and malonic ester were recovered un- 
changed, and no addition product could be found. 

A mixture of equimolar amounts of trifluoroactone and 
sodium rnethoxide in dry methanol was refluxed for two 
hours. The solvent was removed by distillation and the 
residue taken up in aqueous hydrochloric acid. The 
aqueous solution gave a positive test for fluoride ion, hut 
n o  definite products could be isolated. 

1,1,1 -Trifluoro-2-octene was refluxed for twenty-four 
hours with an excess of t-butylmagnesium chloride in 
ether. Most of the olefiii ( 8 2 5 )  was recovered on working 
tip the reaction iniutnre i n  the usual way. 

Summary 
The reaction of aliphatic Grignard reagents 

with esters of trifluoroacetic acid has been in- 
vestigated. With the larger Grignard reagents 
(n-propyl and n-hexyl) only the secondary 
alcohol was obtained; with ethylmagnesium 
bromide both the secondary and the tertiary 
alcohol were formed. 

2.  1,1,1-Trifluoro-2-octanone was reduced to 
the secondary alcohol by propylmagnesiurn bro- 
mide and no addition occurred. 

When trifluoroacetyl chloride was treated 
with dihexylcadmium in benzene solution a low 
yield (2270) of the expected ketone was obtained. 
When the reaction was carried out in ether, the 
only product isolated was the tertiary alcohol, 
trifluoromethyldihexylcarbinol. 

4. l,l,l-Trifluoro-2-octene and l,l,l-trifluoro- 
2-pentene were prepared by pyrolysis of the 
corresponding secondary acetates. 

Some addition reactions of l,l,l-trifluoro-% 
octene have been investigated. 
YOTRF DANE, TNDTAWA RECEIVED APRIL 27, 1950 
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An Adsorption System for the Fractionation of Nitrocellulose with Respect to 
Molecular Weight1,* 

BY MARVIN c. BROOKS3 A N D  RICHARD hI. BADGER 

This paper describes a study of the adsorption 
of nitrocelluloses on starch from several binary 
solvent mixtures. The results indicate the feasi- 
bility of the molecular weight fractionation of 
nitrocellulose by elution chromatographic pro- 
cedures. One chromatographic experirneii t is 
described which demonstrates the application. 

The fractionation of high polymers by chroma- 
tographic methods has been attempted by several 
workers. The iirst report to the best of our 
knowledge, was made in 1936 by Mark and Saito4 

(1) This paper IS based on work supported by the Bureau of Ord- 
nance and done under contract with the Office of Naval Research, 
Contract N6-ori-102, Task Order VI 

(2) Presented before the High Polymer Forum at the Atlantx 
CLty meeting of the k n e r l i  3n Chc tnic.%l Socittv, Seritatither 19, 
1941, 

( 3 J  General Laboratones, 7, h K u b n r r  Co , I'aiiaw \ I 
14) 11 Mark i n ( l  0 %it" 66, 2:: 19?h 

who demonstrated that cellulose acetate was 
adsorbed on blood charcoal selectively on a 
molecular weight basis. Levi and Gieras also 
studied the adsorption of cellulose acetates on 
charcoal. More recently Landler6 has reported 
on the adsorption of GR-S, Perbunan, and 
Vistanex on charcoal from mixtures of toluene 
and methanol. Claesson7 has made a preliminary 
report on the use of the chromatographic method 
of frontal analysis. Fractionation of a high 
polymer by this method does not appear prac- 
tical, though some information can be obtained 
regarding molecular weight distribution. 

The investigations just mentioned appear to 
show that charcoal is not likely to be a very useful 
'iJ G R Lev1 and A Giera. Gaza. cham, dal , 67, 719 (19.77' 
$ 6 )  T Landler, Compl r c r i d ,  316, 629 11947). 
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