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site on the enzyme surface at tacks the C-I carbon 
atom, replacing the phosphate group with cleavage 
of the carbon-oxygen bond and formation of the 
glucose-enzyme intermediate. In the second step, 
the fructose molecule is the nucleophilic reagent 
which at tacks the C-I atom, displacing the enzyme 
and forming the final product, sucrose. The trans-
glucosidase action of this enzyme,30 the catalysis 
of phosphate exchange in glucose-l-phosphate2S 

and fructose exchange in sucrose31 are readily ex
plained by analogous mechanisms. 

There is a substantial amount of theoretical and 
experimental evidence to indicate t ha t all single 
step nucleophilic displacements a t a saturated 
carbon atom require "backside" a t tack by a nucleo
philic reagent.3-3- This appears to be t rue of 
"carbonium ion" mechanisms, which might be ex
pected in the cleavage of an acetal type compound, 

(30) W. Z. Hassid ant! M. Doudoroff, Adv. in Carbohydrate, Chemis
try, B, 29 (1950). 

(31) H. Wolochow, E. W. Putnam, M. DoudorofF, W. Z. Hassid and 
It. A. Barker, J. Biol Che.m., 180, 1237 (1949). 

(32) C. G. Swain, THIS JOURNAL, 70, 1119 (1948); C, G. Swain and 
K. \Y, Kcldy. ibid., 70, 2980 (1948), 

as well as in the Walden inversion type of mech
anism. The nucleophilic site on the enzyme 
would, therefore, make a backside a t tack leading 
to a glucose-enzyme intermediate of inverted 
configuration a t the C-I carbon atom. The fruc
tose molecule would then displace the enzyme, 
again with inversion, to produce a final product, 
sucrose, having the same configurations as the ini
tial glucose-1-phosphate substrate. 

This mechanism leads to the suggestion tha t other 
enzymatic reactions which result in retention of 
configuration, e.g., some glucosidase-catalyzed hy-
drolyses, may actually proceed in two steps, each 
involving an inversion. In all these cases a nucleo
philic site on the enzyme surface takes direct par t 
in the reaction to form an intermediate of greater 
or lesser stability depending on the particular sys
tem involved. 
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Directed Chlorination of Fluorinated Aliphatic Ethers1 

BY J- D. PARK, D. M. GRIFFIN2 AND J. R. LACHER 

A study was made of the photochemical chlorination of fluorinated aliphatic ethers of the type ROCF2CX2H (R = CH8-
or C2H5-, X = chlorine, fluorine or hydrogen). Henne. and co-workers had previously found that attack by chlorine on 
fluorinated aliphatic hydrocarbons is directed away from the hydrogen atom linked to a carbon alpha to a -CF2- or CF3-
group. The chlorination of the fluorinated aliphatic ethers was found to proceed in accord with the observations made by 
Henne and co-workers on the fluorinated aliphatic hydrocarbons. In all the ethers studied, chlorination was found to be di
rected away from the carbon atom adjacent to the -CF2- group of the fluorinated ethyl radical. The chloromethyl ethers 
were remarkably stable toward water, acids, methylmagnesium bromide and sodium. Physical properties determined for 
the chlorinated fluoroethers included boiling point, freezing point, refractive index, density, ultraviolet absorption spectrum 
and infrared absorption spectrum. 

In a series of studies on the photochemical 
chlorination of fluorinated straight-chain aliphatic 
hydrocarbons, Henne and co-workers3-"8 found tha t 
methyl and methylene groups adjacent to C F 3 -
or - C F 2 - groups were protected from at tack by 
chlorine. The lack of reactivity of hydrogen 
atoms adjacent to CFs - and - C F a - groups was 
explained by Henne and Zimmerschied on the basis 
of the inductive effect of fluorine. Such an in
ductive effect was thought to increase the protonic 
character of hydrogen atoms adjacent to the C F 3 -
and - C F 2 - groups by a shift of C - H bonding elec
trons toward the carbon atom. 

In the present work, a study was made of the 

(1) This paper constitutes a part of a thesis submitted to the faculty 
of the Graduate School of the University of Colorado in partial ful
fillment of the requirements of the Ph.D. degree. This work was sup
ported in part by an Atomic Energy Commission predoetoral fellowship 
in the physical sciences. 

(2) Atomic Energy Commission predoetoral Fellow, 1948-1949. 
(3) A. L. Henne and M. W. Renoll, T H I S JOURNAL, 59, 2434 (1937). 
(4) A. L. Henne and J. B. Hinkainp, ibid., 64, 1157 (1942), 
(5) E, T. McBee, A. L, Henne, H, B. Hass and N. Elmore, ibid.. 62, 

3340 (1940). 
(6) A. L. Henne and A. M. Whaley, ibid., 64, 1137 (1942). 
(7) A. L. Henne and J. B. Hinkamp, ibid., 67, 1197 (1945). 
(8) A. L, Henne, J, B, Hinkamp and W. J. Zimmerschied. ibid., 67, 

1906 (1945), 

photochemical, liquid-phase chlorination of the 
fluorinated ethers and their respective products 

Parent compound 

CH3OCF2CFHCl9 

CH3OCF2CFH2
10 

CH3OCF2CF2H11 

CH3OCF2CH2Cl12 

CH3OCF2CHCl2
18 

C2H5OCF2CFHCl9 

Chloro derivative 

C I C H 2 O C F 2 C F H C I 
ClCH2OCF2CFH2 
ClCH2OCF2CF2H 
CICH2OCF2CH2Cl 
CICH 2 OCF 2 CHCI 2 

C I C H 2 C H 2 O C F 2 C F H C I and 
C H 3 C C I 2 O C F 2 C F H C I 

in order to determine whether a directing effect on 
the entry of chlorine into the molecule might be 
observed. The chlorinations were carried out using 
a deficiency of chlorine to suppress the formation 
of polychlorinated products. 

In each case, chlorination was found to take 
place only in the unsubst i tuted radical of the ether. 
Thus, only chloromethyl ethers of the type CH2Cl-

(9) D. K. Vail, J. D. Park, K, R. Lea and J. R, Lacher, ibid., 70, 
1550 (1948). 

(10) W. R. Lycan, "A Study of Some of the Reactions of Trifluoro-
ethene," Thesis, University of Colorado, 1950. 

(11) M. L. Sharrah, "Addition of Alcohols and Hydrogen Bromide 
to Fluorinated Mono-olefins," Thesis, University of Colorado, 1950. 

(12) W. H. Breen. unpublished work, University of Colorado, 1949. 
(13) C. M. Snow, "The Addition of Alkanol to Fluorinated Mono-

olefins," Thesis, University of Colorado, 1950. 
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TABLE I 

PHYSICAL PROPERTIES OF THE CHLORINATED FLUOROETHERS 

Compound 

C I C H 2 O C F 2 C F H C I 

ClCH2OCF2CFH2 

ClCH2OCF2CF5H 
CICH 2 OCF 2 CH 2 CI 

CICH 2 OCF 2 CHCI 2 

C I C H 2 C H 2 O C F 2 C F H C I 

C H 3 C C I 2 O C F 2 C F H C I 

B.p. 
0C. 

104.5 
85 
72 

116 
137 

80 
59 

Mm. 

624 
625 
628 
626 
627 
100 
100 

% 
Glass 
- 5 1 
- 7 8 
- 4 4 
- 3 1 
Glass 
Glass 

° Calculated by adding the atomic increments. 

d"t 

1.5269 
1.4174 
1.4869 
1.4594 
1.5679 
1.4620 
1.4021 

M ' » D 

1.3768 
1.3514 
1.3311 
1.3974 
1.4205 
1.3935 
1.3776 

MR" 
27.46 
22.59 
22.60 
27.45 
32.32 
32.08 
36.95 

MRi 

27.52 
22.62 
22.92 
27.25 
32.26 
32.44 
37.96 

ARs 

1.12 
1.11 
1.19 
1.00 
1.08 
1.23 
1.45 

h Observed value, calculated by means of the Lorentz-

Chlorine 
Calcd. 

37.76 
24.37 
21.29 
43.03 
53.37 
36.04 
46.00 

. % 
Found 

38.75 
24.35 
22.73 
42.99 
53.55 
37.15 
45.62 

-Lorenz equation. 

0-CF2CX3 were formed from the methyl ethers. 
Chlorination of C2H5OCF2CFHCl yielded two 
principal products, C I C H 2 C H 2 O C F 2 C F H C I (1 part) 
and CH3CC120CF2CFHC1_ (2 parts). 

Two factors may explain the directed chlorina
tion observed. First, the hydrogen atoms in the 
/3-positions of the fluoroethyl groups of the ethers 
are made protonic by the inductive effect of fluo
rine, as postulated by Henne and Zimmerschied. 
Second, the radicals formed by removal of hydrogen 
from the methyl groups or from the a-position of 
the ethyl group may gain resonance stabilization 
as indicated 

e ® 
.CH2-O-CF2-R < > :CH2—6—CF5-R 

e_ e 
C H 3 - C H - O - C F 2 - R < >• C H 3 - C H - O - C F 2 - R 

These chloromethyl ethers exhibited a high de
gree of stability. These alpha chloro compounds 
did not undergo hydrolysis to esters in the presence 
of 96% sulfuric acid14 as shown by Young and Tar
rant for ethers of the type R-O-CF2R' (where R 
is an alkyl group). The compounds resisted 
treatment with methylmagnesium bromide. Treat
ment with metallic sodium resulted in only slight 
reaction. 

Formulas and physical constants of the chlorin
ated fluoroethers are given in Table I. Infrared 
absorption spectra of the compounds were taken. 

Experimental 
(1) Chlorination of the Fluorinated Ethers.—All the fluo

roethers were chlorinated by the following procedure: One 
mole of the ether was placed in an apparatus consisting of a 
vertical Pyrex tube 40 cm. high and 50 mm. in diameter, 
fitted with a reflux condenser. Illumination was obtained 
by means of a 300-watt incandescent bulb. Chlorine was 
bubbled slowly into the ether through a sintered glass frit 
at the bottom of the reaction vessel until 0.9 mole of chlo
rine had been added. All of the chlorination reactions pro
ceeded smoothly and rapidly with evolution of sufficient 
heat to cause refluxing. 

When the addition of chlorine was complete, the reaction 
mixture was drained through a side arm at the bottom of the 
vessel into a dilute solution of sodium sulfite to remove un-
reacted chlorine. The product was washed with cold 
water, dried over calcium chloride, and fractionated in a 
small column packed with glass helices. Conversion to the 
chlorinated ether was 70 to 80%, and the yield was 90 to 
9 5 % of the theoretical yield. 

(2) Structures of the Chlorinated Ethers. (A) ClCH2O-
CF 2 CFHCl. -For ty-s ix grams (0.25 mole) of the chloro-
ether was added to 15 g. (0.27 mole) of potassium hy
droxide in 150 ml. of methanol. Potassium chloride was 
precipitated immediately. A portion of the resulting mix
ture (after filtration to remove potassium chloride), when 

(14) J. A. Young and P. Tarrant, THIS JOURNAL, 71, 2432 (1949). 

heated with an acidic solution of 2,4-dinitrophenylhydrazine, 
yielded formaldehyde-2,4-dinitrophenylhydrazone, m.p. 
163°. The postulated equations for the reactions are 

OH OH 
C I C H 2 O C F 2 C F H C I + KOH i _ > 

H O C H 2 O C F 2 C F H C I 

KCl + H O C H 2 O C F 2 C F H C I 

H + 

H2O 

H 2 C = O + 2HF + C F H C l - C O O I I 

H 2 C = O + 
^ - N H - N H 2 

>—NO 2 

O2N 
NO2 

H 2 C = N - N H --O- NO2 

The hydrolysis to yield formaldehyde indicated that the 
structure of the compound was C I C H 2 O C F J C F H C I . 

(B) ClCH2OCF2CF1H and (C) C I C H 2 O C F 2 C H C I 8 . -
These ethers were assigned their respective structures from 
the fact that both yielded formaldehyde when treated in the 
same manner as in A. 

(D) ClCH2OCF2CFH2 .-Monochlorination of CH1OCF2-
CFH2 could theoretically yield either ClCH2OCF2CFH2 or 
CH3OCF2CFHCl, or both. CH3OCF2CFHCl is a known 
compound boiling a t 64° at 625 mm.8 The only mono-
chlorinated fiuoroether isolated from the chlorination of 
CHsOCF2CFH2 boiled at 85-85.5° at 625 mm. By elim
ination the compound was assigned the structure ClCH2-
OCF2CFH2 . 

(E) C I C H 2 O C F 2 C H 2 C I . - M o n o c h l o r i n a t i o n of CH3O-
CF2CH2Cl could theoretically yield either ClCH2OCF2CH2-
Cl or CH3OCF2CHCl2, or both. C H S O C F 2 C H C I 2 is a 
known compound13 having a boiling point of 97° at 625 mm. 
pressure. The compound obtained from the monochlorina
tion of CH3OCF2CH2Cl boiled at 135-136° a t 626 mm. 
Hence, the compound was assigned the structure ClCH2OC-
F2CH2Cl. 

(F) C H S C C I 2 O C F 2 C F H C l . — A n a l y s i s and molar refrac
tion indicated that the compound contained three atoms of 
chlorine per molecule, indicating that dichlorination had 
taken place. When 20 g. of the compound was treated with 
50% hydriodic acid in a sealed tube at 170° for five hours, 
the resulting products included carbon and acetic acid. 
Acetic acid was identified by extracting the reaction mixture 
with ether, evaporation of the ether and treatment of the 
residual material with £-nitrobenzyl bromide15 to form p-
nitrobenzyl acetate, m.p. 76°. An equation for the reac
tion may be postulated 

H + 

C H 3 C C I 2 O C F 2 C F H C I + H 2 O — ^ 

CH3COOH + C + other products 

The formation of carbon from fluorinated olefins when 
heated under pressure has been noted by Benning and Park18 

C F 2 = C F 2 

heat 
CF4 + C 

(16) R. L. Shriner and R. C. Fuson, "The Systematic Identification 
of Organic Compounds," 3rd Ed., John Wiley and Sons, Inc., New 
York, N. Y., 1948, p. 229. 

(16) A. F. Benning and J. D. Park, U. S. Patent 2,351,390 (to E. 1. 
du Pont de Nemours & Co.) (September 15, 1942). 
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A similar disproportionation is thought to have taken place 
in the present reaction, but further study is necessary be
fore a definite statement of the reaction mechanism can be 
given. The fact that acetic acid was obtained as a product 
of the reaction, however, led to the assignment of the struc
ture CH,CCl2OCFaCFHCl to the compound. 

(G) C I C H 2 C H 2 O C F 2 C F H C I . - T h e structure of this com
pound was determined by synthesis according to the equa
tions 

H O C H 2 C H J O -

HOCH2CH2OH + CF 2 =CFCl >• 

H O C H 2 C H 2 O C F 2 C F H C I 

H O C H 2 C H 2 O C F 2 C F H C I + PCl6 — > 

C I C H 2 C H 2 O C F 2 C F H C I + HCl + POCl8 

Ethylene glycol was added to trifluoroethylene under autog
enous pressure17 in the presence of sodium 2-hydroxyeth-

(17) W. E. Hanford and G. W. Rigby, U. S. Patent 2,409,274 (to 
du Pont) (October 15, 1946). 

Introduction 

Considerable information has been obtained con
cerning the structure of butadiene polymers pre
pared by the free radical mechanism. The effects 
of variables such as polymerization temperature 
and ingredients of the polymerization recipe on the 
polymer structure were determined.3,4 It wasfound 
that the polymerization temperature governed the 
resulting structure. Thus with decreasing temper
ature of polymerization there was an increase in the 
proportion of trans- 1,4-butadiene configuration with 
an accompanying decrease in cis-1,4 and little 
change in 1,2. It has been widely shown that the 
reduction in polymerization temperature has the 
effect of increasing tensile strength, abrasion resist
ance and other properties of the polymer.5 How
ever the changes in structure obtained by altering 
the variables of the emulsion polymerization were 
relatively limited. In order to complete the knowl
edge regarding obtainable polybutadiene struc
tures, it appeared to be of interest to determine 
variations in structure produced by polymeriza
tions having a carbanion type of mechanism such as 
that obtained with alkali metal catalysts. 

(1) Presented before the Symposium on Synthetic Rubber, Division 
of Rubber Chemistry of the American Chemical Society, New York, 
N. Y., September 3-7, 1951. 

(2) This work was carried on under Quartermaster Contract W44-
109-qm-2030. 

(3) E. J. Hart and A. W. Meyer, T H I S JOURNAL, 71, 1980 (1949). 
(4) A. W. Meyer, Ind. Eng. Chtm., 41, 1570 (1949). 
(5) L. M. White, ibid., 41, 1554 (1949). 

oxide in a Parr hydrogenation apparatus. The resulting 
l-(2-hydroxyethoxy)-l,l,2-trifluoro-2-chloroethane was frac
tionated under reduced pressure, the principal fraction 
boiling at 40° (1 mm.) . Identity of the hydroxy ether was 
checked by molar refraction. 

Fifty-four grams (0.3 mole) of the ^-hydroxy ether was 
treated with 73 g. (0.35 mole) of phosphorus pentachloride 
and 25 ml. of phosphorus oxychloride in a flask equipped 
with a reflux condenser and stirrer. The reaction was quite 
vigorous at first. After the initial reaction subsided, the 
mixture was warmed for 30 minutes, cooled, and poured 
over cracked ice. After being washed with water and 
dried over calcium chloride, the product was fractionated 
at 100 mm. pressure. The principal product boiled at 80° 
(100 mm.) . The refractive index of the compound was 
1.3929 at 20°. The boiling point of the chloroether ob
tained by chlorination of C H 3 C H 2 O C F 2 C F H C I was 80° 
(100 mm.) and its refractive index was 1.3935. The struc
ture assigned the compound was therefore ClCH2CH2OC-
F2CFHCl. 
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Previous work has shown6 that sodium-catalyzed 
polybutadiene polymers contained about 70% of 
1,2-configuration as compared to about 20% for 
emulsion polybutadiene. These sodium polymers 
were found to have advantages in processing qual
ity and in balance between flex crack growth and 
hysteresis properties.7 

The Government Laboratories at the University 
of Akron prepared alkali metal-catalyzed polybuta
diene and butadiene-styrene copolymers in order to 
investigate the effects of type of catalyst, polymeri
zation temperature, diluents and rate-retarding 
modifiers upon the structure and the physical prop
erties of the polymers.8 

Experimental Procedure and Results 
Several series of polybutadienes were made at the Govern

ment Laboratories in 8-oz. bottles at 5, 30 and 45°. Three 
types of catalyst, sodium, potassium and equimolar mix
tures of sodium and potassium were used in the following 
basic formula: 

Ingredients Parts 

Monomers 100 
Diluent 0-300 
Rate modifier 0-1.0 
Catalyst 0.16-0.30 

(6) C. S. Marvel, W. J. Bailey and O. E. Inskeep, J. Polymer Sd., 
1, 275 (1946). 

(7) A. E. Juve, M. M. Goff, C. H. Schroeder, A. W. Meyer and 
M. C. Brooks, Ind. En t. Chcm., 39, 1490 (1947). 

(S) W. K. Taft, H. Goldsmith, et al., private communication to the 
Office of Rubber Reserve. 
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Structure of Alkali Metal-catalyzed Butadiene Polymers12 

BY A. W. MEYER, R. R. HAMPTON AND J. A. DAVISON 

The structures of various sodium and potassium-catalyzed butadiene polymers were determined from infrared absorption 
measurements. All of the polymers had a higher proportion of butadiene in the 1,2-configuration (45-80%) than emulsion 
polybutadiene (18-23%). Polybutadienes catalyzed by potassium had 15-20% less butadiene in the 1,2-configuration than 
those in which sodium was the catalyst. When a mixture of sodium and potassium was used, the results were nearly the 
same as with the potassium catalyst alone. Polybutadienes made at 5° had 10 to 15% more butadiene in the 1,2-configura
tion than those made a t 45°. Diluent type had little or no effect on the structure of the polybutadienes. The butadiene 
portions of butadiene-styrene copolymers were found to have the same relative proportions of 1,2-, ew-1,4- and irans-l,^-
configurations as the butadiene homopolymers. The second order transition temperature of sodium-catalyzed polybutadi
ene polymerized at 30° was —45° whereas the 75° polybutadiene had a value of —64°. 


