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The two geometrical isomers of 1,3-dichloro-2-fluoropropene have been prepared and characterized. The assignment of 
configuration was made by a comparison of the relative reactivity of the two isomers toward potassium iodide in acetone. 
In addition to the 1,3-dichloro-2-fluoropropenes the following compounds were prepared and characterized : the 3-bromo-l- 
chloro-2-fluoro-1-propenes and the 3-chloro-2-fluoro-2-propen-l-ols. Configuration has also been assigned to the previ- 
ously reported 1-chloro-2-fluoro-1-propenes and an average value of 0.95 for the atomic refraction of fluorine has been deter- 
mined for compounds of this type. 

The 1,3-dichlor0-2-fluoropropenes and several 
closely related compounds have been prepared from 
the 1-chloro-2-fluoro-1-propenes in a manner similar 
to that used for the preparation of the 1,2,3-tri- 
chloropropenes from the 1,2-dichloro-l-propenes. 
CHCI=CFCH3 + Ii-bromosuccinimide ---f 

CHC1=CFCH3Br ( I )  
Na2C03 

CHCl=CFCH?Br + HrO - 
CsHsN 

CHCl=CFCHZOH (11) 

CHCI=CFCHlOH + PC13 -+ 
CHCI=CFCHzCl (111) 

CHCl=CFCH2Cl + LiAlH, + CHCl=CFCH3 

In reaction I, both geometrical isomers were 
treated separately with N-bromosuccinimide, How- 
ever, both isomers of the allylic bromide, %bromo- 
l-chloro-2-fluoro-l-propene, were obtained from 
the reaction of each isomer of l-chloro-2-fluoro-l- 
propene. The two isomeric bromides could be 
separated by distillation, but on standing a t  room 
temperature they rapidly isomerized in to a mixture 
containing both isomers. At -70" each isomer 
could be kept without any detectable isomerization. 
The geometrical isomers of both 3-chloro-2-fluoro- 
2-propen-1-01 and the corresponding dichloride, 
1,3-dichloro-2-fluoropropene, showed no isomeriza- 
tion a t  room temperature. Each isomer of the 
alcohol gave only the corresponding isomer of the 
dichloride when treated with phosphorus trichloride 
(111) and each isomer of the dichloride when re- 
duced by means of lithium aluminum hydride 
(IV) gave only the corresponding isomer of 1- 
chloro-2-fluoro-1-propene. 

The geometrical isomers of 1,3-dichloro-2-fluoro- 
propene were prepared to extend the study of the 
relative reactivities of allylic chlorides of the series 

CHCl=C-cHzC1. This series is of particular 
interest because these compounds have their 
reactivity influenced not only by the nature of 
k 'bu t  also by the geometrical configuration of the 
molecule. Previous investigations in this series? 
have included pairs of isomers where the substituent 
Y on the number 2 carbon atom was either H, 
CH3 or C1. A pair of isomers wherein Y is F was 

( I V )  

Y 

(1) For NLirnber X V I  of this series see L F. Hatch, I, 0 Morgan 

(2) Research Corporation Fellow 1949-1950, Monsanto Fellow 

(3) L. F. Hatch, J. J, D'Amico and 6,  V, Ruhnkr, Tats JOURNAL, 

and V 

1950-1951. 

T4, 123 (1962). 

Tweedie, THIS JOURNAL, ?4, 1826 (1952) 

chosen to obtain further information not only on the 
effect of geometrical configuration but also on the 
influence of a strongly electron attracting group 
on the number 2 carbon atom. 

The data obtained for the 1,3-dichloro-2-fluoro- 
propenes confirm the observation previously made 
that the relative reactivities of geometrical isomers 
in the reaction with sodium ethoxide in ethanol 
show no correlation between configuration and 
relative reactivity. The isomers of 1,3-dichloro-2- 
fluoropropene also show essentially the same 
relative reactivities as the other pairs of isomers. 

The relative reactivities in the reaction with 
potassium iodide in acetone show a definite and 
consistent correlation between geometrical con- 
figuration and relative reactivity. The data for 
the isomeric pairs of known configuration (CHCI= 
CHCH2Clj4 CHC1=C(CH3)CHzCl4 and CHCI= 
CCICH2C13) show that in each case the isomer 
having the chlorine atom on the number 1 carbon 
atom and the chloromethyl group cis to each other 
is considerably more reactive than the other isomer. 
With the 1,3-dichloro-2-fluoropropenes there is 
also a marked difference in reactivity between the 
two isomers. The configurations of the 1,3-di- 
chloro-2-fluoropropenes have, therefore, been as- 
signed on the basis of this difference in reactivity. 
The low boiling isomer (alpha) is the more reactive 
and thus is assumed to have the chlorine atom and 
chloromethyl group in the cis-position. The high 
boiling isomer (beta) has these groups trans to each 
other. 

H\C/C1 C1\C/H 
II 

.C, 
! I  

.Cy 
F/ \CH?Cl F/ 'CH2Cl 

Low boiling (alpha) High boiling (beta) 

Since each isomer of 1,3-dichlor0-2-fluoropropene 
is related to the corresponding isomer of the olefin, 
bromide and alcohol, the configuration of the iso- 
mers of these compounds may be assigned by re- 
lating them to the corresponding chloride. These 
configurations are 

H\C/C1 

Low boiling (alpha) 
Where X is either H, Br or OH, 

High boilitlg (beta) 

I 4 )  t F, Rutch, I,, B, Cordon nnd j, Jt Rusn, r b l d . ,  16, lot& ( l R d B ) ,  



291 2 LEWIS F. HATCII .'IND DAVID IV. ~ I C D O N A L D  

*&"E LEN'I"  i* YIC' IONI .  

Fig. 1 (b).-High boiling 1-chloro-2-fluoro-1-propene. 
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Fig. 1 (c).-Low lioiling 3-chloro-2 fluoro-2-propen-1-01. 

There appears to be no relationship between the 
electronegativity of the substituent on the number 
2 carbon atom and the reactivity of the allylic 
chlorine atom toward either sodium ethoxide or 
potassium iodide. 

A calculation of the atomic refraction of fluorine 
in the various chloro-fluoro compounds prepared 
during this investigation gave an average value of 
0.95 cc. per mole which is in good agreement with 
the values of 0.82 to 0.96 obtained by Hoffman6 
for a series of difluoroalkanes. Weissberger' states 
that values for RF have a range from 0.68 in CCl- 
(6) F. W. Hoffman, J .  071. Chmm., 14, 106 (1949). 
(6) A. Weisaberger, "Physical Methodo of Organic Chemirtry," 

Vul. I ,  Istenctsace Publinherm, Iec., New York, N. Y.. 194s. p. 879. 

CClF to 1.60 in CClpCCICC12F and that the 
average value is around 1 cc. per mole. 

Figure 1 gives the infrared spectra for all of the 
stable compounds prepared in these studies. 
These spectra show no characteristics which aTe 
not in agreement with the assignment of con- 
figuration. The spectra of the 3-bromo-1-chloro- 
2-fluoro-1 -propenes were not obtained because 
these allylic bromides isomerized too fast a t  room 
temperature to permit the obtaining of a pure 
isomer. 
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Fig. 1 jd).-High boiling 3-chloro-2-fl~1oro-2-propen-l-ol 
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Fig. 1 (e).-High boiling 1,3-dichloro-2-8uoropropene. 
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Fig. 1 (f).-Low boiling 1,3-dichloro-2-fluoropropene. 

Department of the Navy. The authors are also 
grateful for the financial assistance given to this 
work by the Research Corporation and by the Mon- 
santo Chemical Co. 

Experimental 
3-Bromo-l-chloro-2-fluoro-l-propene.-A mixture of low 

and high boiling 1-chloro-2-fluoro-1-propene (Halogen 
Chemicals, Inc., Columbia, South Carolina) was dried over 
anhyd. sodium sulfate and distilled through a three-foot 
yacuum-jacketed, glass-helix packed column to separate the 
isomers. 

Low Boiling 1-Chloro-2-fluoro-1-propene .-B .p. 29 .Oo 
(747 mm.); n% 1.3770, n p 6 ~  1.3740; dm4 1.0812, dzs, 

High Boiling l-Chloro-2-fluoro-l-propene.-B .p. 58.0' 
1.0760; MR 20.10,20.06; RF 0.74, 0.70. 

2913 

(747 mm.); ?ZmD 1.3920, n% 1.3894; dM4 1.1139, d*54 

1.1058; MR 20.19,20.23; RF 0.83, 0.87. 
Both high boiling and low boiling l-chloro-2-fluoro-l- 

propene were brominated using N-bromosuccinimide in car- 
bon tetrachloride in the presence of benzoyl peroxide.' Both 
isomers of 3-bromo-1-chloro-2-fluoro-1-propene were formed 
from either isomer of l-chloro-2-fluoro-1-propene. The 
isomers were separated by distillation but each isomer under- 
went an isomerization a t  room temperature into a mixture of 
the isomers. The course of the isomerization was followed 
by changes in index of refraction. The best yield of 3- 
bromo-l-chloro-2-fluoro-1-propene was 45% from 3.06 
moles of the high boiling isomer of l-chloro-2-fluoro-1-pro- 
pene and 2.00 moles of N-bromosuccinimide. 

The following physical constants were obtained immedi- 
(7) K. Ziegler, A. Spath, E. Schaof. W. Shumann and E. Winkler- 

man. Ann., 661, 80 (1942). 
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ately after distillation and may be considered as approxi- 
matelv correct. 

Low Boiling 3-Bromo- I-chloro-2-fluoro- I-propene .--B .p . 
Hiah Boiling 3-Bromo-l-ch~oro-2-fluoro-l-~ro~ene .-B .D. 

39-40' (40 mm.); nzoD 1.4917. 
- -  

61-63' (40 In&.); n m D  1.5040. 
3-Chloro-2-fluoro-2-propen-l-ol.-A mixture of the iso- 

mers of 3-bromo-1-chloro-2-fluoro-1-propene ( 1.03 moles) 
was hydrolyzed using 1.03 moles of sodium carbonate in a 
10% solution at  70" for 5.5 hours. 

A 71 % yield of 3-chloro-2-fluoro-2-propen-l-ol was ob- 
tained. The ratio of high-boiling isomer to low boiling iso- 
mer was 6 to 1. When the low boiling isomer of 3-bromo-l- 
chloro-2-fluoro-1-propene was added a t  -70' to the sodium 
carbonate solution a t  70' the ratio of isomeric alcohols was 1 
to 1, The isomeric alcohols were readily separated using an 
18-inch, vacuum-jacketed column and they did not isomer- 
ize a t  room temperature. 

Low Boiling 3-Chloro-2-fluoro-Z-propen-l-ol.-B .p. 4% 
49' (15 mm.); n% 1.4399; dZo4 1.3472; M R  21.61; RF 
0.72. 

AnaZ.8 Calcd.: C1, 32.09. Found: C1, 31.99, 32.16. 
High Boiling 3-Chloro-2-fluoro-2-propen-l-ol.-B.p. 65- 

66" (15 mm.); n20D 1.4480; d3"1 1.3519; JfR 21.88; RF 
0.99. 

Ana2.8 Calcd.: 32.09. Found: C1, 31.97, 32.14. 
1,3-Dichloro-2-fluoropropene .--The two isomers of 1,3- 

dichloro-2-fluoropropene were prepared by the interaction 
of the corresponding isomers of 3-chloro-2-fluoro-2-propen- 
1-01 with phosphorus trichloride in pyridine.@ The low 
boiling isomer of the alcohol gave a 38% yield of low boiling 
1,3-dichloro-2-fluoropropene and high boiling alcohol gave 
3. 31 % yield of high boiling 1,3-dichloro-2-fluoropropene. 

Low Boiling 1,3-Dichloro-2-fluoropropene.-B.p. 41.7" 
(100 mm.); n20D 1.4411, nZ5D 1.4386; dm4 1.3810. dZ54 

1.3427; M R  25.21, 25.23; RF 0.99, 1.02. 
Anal.* Calcd.: C1, 54.99. Found: C1, 54.65, 54.83. 
High Boiling 1,3-Dichloro-2-fluoropropene .-B .p. 46 O 

(44mm.); 1.4571, n Z 5 ~  1.4543; dm4 1.3769, d264 1.3691; 
AIR 25.51, 25.52; RF 1.29, 1.30. 

Anal.8 Calcd.: C1, 54.99. Found: C1, 54.38, 54.41. 
1-Chloro-2-fluoro-1-propene .-In order to relate the struc- 

ture of the isomeric 1,3-dichloro-2-fluoropropenes to the 
corresponding 1-chloro-2-fluoro-1-propenes the dichlorides 
were treated with lithium aluminum hydride to replace the 
allylic chlorine atom by a hydrogen atom.lO Low boiling 
1,3-dichloro-2-fluoropropene (0.04 mole) gave a 56% yield 
(65% conversion) of low boiling 1-chloro-2-fluoro-1-propene 
(b.p. 28-31', n 2 5 ~  1.3748) and no high boiling monochloride. 
Diethyl Cellosolve (Union Carbide and Carbon Corp., New 
York) was used as a solvent. 

High boiling 1,3-dichlor0-2-fluoropropene (0.05 mole) 
gave a 66% yield (50% conversion) of high boiling l-chloro- 
2-fluoro-1-propene (b.p. 58.5", V Z ~ ~ D  1.3888) and no low 
boiling monochloride. Diethyl ether was used as the sol- 
vent. 

Infrared Spectra.-The infrared spectra data were ob- 
tained through the courtesy of R .  E. Kitson and the Chemi- 
cal Division, Polychernicals Department, E. I. du Pont de 
Nemours and Company. The spectra were made in the 
liquid phase using a Perkin-Elmer Model 21 double-beam 
spectrophotometer. Sodium chloride optics were used with 
a cell thickness of 0.030 mm. for the two isomers of l-chloro- 
2-fluoro-2-propen-l-ol, 0.031, nun. for the 1,3-dichloro-2- 

(8) E. Chablay, Aizn. chim., 1; 510 (1914). 
(9) A. Juvala, Bcr., 63B, l98g (1930): L. F. Hatch and S. S.  Nes- 

(10) L. F. Hatch and R. H .  Perry, ibid., 71, 3262 (1919). 
bitt, THIS JOURNAL, 78, 727 (1950). 

fluoropropenes and 0.035 ITIII~.  for the 1-chloro-2-fluoro-1 
propenes. 

Reaction with Potassium Iodide in Acetone at 20°.-The 
usual Drocedure was followed.4 With modified second order 
equation k = l / 4b t  log (5 - z)/5(1 - z ) ,  a plot of 
log (5  - z)/5(1 - z )  8s. time gave a straight line between 
53 and 7770 reacted for the high boiling 1,3-dichloro-2- 
fluoropropene. The low boiling isomer reacted very rapidly 
at  20" with a resulting slight drift in the data between 69 
arid 90% reacted over a time period of 15 to 36 minutes. 
The data are ill Tnble I .  

TABLE I 
RELATIVE REACTIVITIES OF Low AND HIGH BOILING 1,:- 

Reaction with potassium iodide in acetone a t  20" 
Low boiling 1,3-dichloro-2-fluoropropene 

Time, hr. 0.25 0.38 0.45 0.50 0.60 
Reacted, ?G 69.2 80.4 84.6 87.0 90.0 
khr.-lniole-lI. 11.3 10.8 10.4 10.3 9 . 8  
Av. k 10.5 =I= 0 . 4  
Relative reactivity' 48.2 

DICHLORO-2-FLUOROPROPENE 

High boiling 1,3-dichloro-2-fluoropropene 
Time, hr 2.00 2.50 3.00 3.50 4.00 
Reacted, 7; 53.1 61.4 67.2 73.2 77.1 
k hr.-l mole-'1. 0.896 0 908 0.901 0.918 0.908 
Av. k 0.906 ZJZ 0.006 
Relative reactivitya 4.16 

Reaction with sodium ethoxide in ethanol a t  50' 
Low boiling 1,3-dichloro-2-fluoropropene 

Time, hr. 2.75 3.50 5.50 7.00 9.00 
Reacted, % 34.5 39.6 52.1 58.3 63.6 
k hr.-I mole-'I. 3.85 3.77 3.94 3.97 3.86 
Av. k 3.88 & 0.06 
Relative reactivity* 3.29 

High boiling 1,3-dichloro-2-fluoropropene 
Time, hr. 2.75 4.50 6.00 8.00 10.5 
Reacted, % 24.1 34.4 41.3 48.7 56.0 
k hr.-l mole-'1. 2.31 2.32 2.30 2.37 2.41 
Av. k 2.34 =t 0.04 
Relative reactivityb 1.97 

0 Allyl chloride as 1.00 with k = 0.218. b Allyl chloride 
as 1.00 with k = 1.19. 

Reaction with Sodium Ethoxide in Ethanol at 50'.-The 
procedure was the same as that previously described" 
and the data were calculated using the rate expression for 
a second-order reaction. The sodium ethoxide solution 
was 0.04966 molar for the reaction with both low boiling 
1,3-dichloro-2-fluoropropene (0.05000 molar) and high boil- 
ing 1,3-dichloro-2-fluoropropene (0.05000 molar). A plot 
of log b(a - x)/a(b - x) vs. time gave a straight line for low 
boiling 1,3-dichlor0-2-fluoropropene between 35 and 64% 
TeaFted, and between 24 and 56% reacted for the high boil- 
ing isomer. 
AUSTIN, TEXAS 

The data are given in Table I. 

(11) I .  F Hatch and H. E. Alexander. ibid , 71, 1038 (1949) 


