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The  addition of chlorine to benzene results in the formation of a mixture of isomeric 
forms of 1,2,3,4,5,6-hexachlorocyclohexane, as follows : C6H6 -I- 3C12 + C&Cle. The 
most recent article on this subject (11)  describes four isomers, the alpha, beta, gamma, 
and delta, of a possible sixteen isomers that are proposed. The present paper is con- 
cerned with the isolation of the epsilon isomer from the chlorination process product,, 
the physical and chemical properties of the new isomer, infrared absorption spectra. 
x-ray pow-der diffraction pat terns, and solubility data. 

H E S  the known isomers of hexachlorocvcloheuane n ere W being separated, it was noted that an impuritywaspresent 
in some of the fractions, This impurity was first found in the in- 
frared absorption curves and was called impurity A. A sample 
in which this impurity was especiallv strong was analv7cd, and 
the chlorine content found was very close to the theoretical value 
for C6H6C16. This led the authors to believe that another isomer 
was present, and work was begun to isolate it. 

The analysis for epsilon isomer in the starting material and in 
ail subsequent fractions was made only after the pur(' isomer had 
been obtained and an infrared pattern made. The per cent of a 
material in a mixture cannot be determined by infrared analysis 
unless a pure sample of the constituent is available. 

The crude product from a chlorination run was analyzed bv 
infrared methods. I t  contained: a, 55%: p, 14%; y, 12%; 
6, 8%; and E ,  34%.  The mixture of solid isomers was added to 
an equal weight of propylene dichloride. The mivture was heated 
to 90" C. and cooled to 18" C. with continuous stirring. The 
slurry was centrifuged to separate the solid and liquid portions 
Sixty per cent of the starting material was left as a crvstalline 
solid. I t  contained by infrared analysis: 01, 83%; p, 17%: 
Y ,  2%;  6,370; end e, 2%. 

The propylene dichloride was removed from the liquor by dia- 
tilling it off under vacuum. A syrup equal to 50% of the starting 
C B H ~ C I ~  nas  obtained. This material still contained some propo- 
lene dichloride. The syrup vas cooled to 18" C., and 12% bv 
weight of ethyl alcohol (denatured formula 30) was added. Upon 
standing for 3 hours a t  18' C., the material was a thick crystal 
slurry. This was centrifuged to obtain the crystaly, which were 
equal t o  307, of the original hexachlorocyclohexane used. The 
infrared analysis was: a, 25%: 8, 4%; 7 ,  29V0: 6, 23%; and 
e, 8%. These crystals n-ere put into t r o  thirds their weight of 
isopropyl alcohol a t  75" C., while stirring. This mixture was 
cooled to 15' C. and alloved to stand for 16 hours. I t  was centri- 
fuged, and crystals obtained equal to 20% of the starting mate- 
rial. The infrared analysis was: CY, 49%; @, 9%; y, 37%; 
6,0%; and e, 8%. 

Upon standing for approximately 1 hour, the mother liquor 
gave another small crop of crystals rh ich  was separated. The 
epsilon isomer was first isolated from this small crop of crystals. 
This fraction of crystals was later found to contain 14y0 epsilon 
isomer. When these crystals were treated with four times their 
weight of carbon tetrachloride a t  50" C., cooled to 20' C., and 
filtered, the solid was nearly pure epsilon isomer. This was 
purified further by recrystallization from carbon tetrachloride to 
R melting range of 217-218" C. 

Subsequently more of the epsilon isomer was isolated from the 
first and larger crop of crystals from the isopropyl alcohol. The 
isomer was further purified by recrystallization from absolute 
ethyl alcohol (denatured 2B). The best melting point obtained 
was 218.5-219.3' C., when the temperature of the bath was raised 
1 ' C. in 3 minutes a t  the melting point. The analysis gave the 
following results: 

Found Theor) 
Chlorine, Yo 
Carbon % 
Hydrogkn, % 
Mol. wt. in acetone 

72.97 73.14 
2 4 . 8  24.77 

2 . 3 5  2.06 
278 290.8.5 

Someof theepsilonisomer thathada meltingpoint of 217-218" C 
was melted and the freezing point taken. The freezing poinl 
was 217.53' C. From the freezing curve the purity of the sample 
was calculated to be 98.60 mole % (1.8). From this information 
the calculated freezing point of pure epsilon was 218.77" C. (22) 
This figure agrees quite well with the melting point obtained when 
theisomer was furtherpurifiedtoa meltingpoint of 218.5-219.3°C 
when the temperature was raised 1" C. in 3 minutes at the, melt- 
ing point. 

The epsilon isomer has been checked for insecticidal prcrperties 
hut it has shown no activity in tests made to the prevent t in ip 

ALKALINE DEHYDROHALOGEYATION O k  ISOMER9 

Van der Linden (14) reports on the presence of the alpha, beta. 
gamma, and delta isomers. By hydrolysis Yvith alcoholic alkali 
he obtained mixtures of the three possible ti ichiurohenzenes 
The epsilon isomer, when placed in methanol solution nnd  trlwted 
with sodium hydroxide, also gave trichlorobenz~~t~cs 

C&Cls f 3SaOH + CeHsClt + 3Sa('I + 3H& 

Each of the five isomers of hexachlorocyclohtwmc. \{-a\ reaated 
with 0.1 N sodium hydroxide in methanol solution at  0" C. T h e  
methanol solution of sodium hydroxide (412.5 cc.) n as placed in 
2-liter three-necked flask fitted with a glass stirrw, thermometer. 
and stoppered sampling opening. The rcartion flask was im- 
mersedinabathoficeandwaterto maintain the ri.nction tempera- 
ture at 0' C. At definite 
time intervals during the reaction a 5-cc. sampil. of the reacting 
solution was pipetted into 50 cc. of 0.02 N hydrochloric acid solu- 
tion to stop the reaction. The pipet used was coclcd before the 
sample was taken. This mixture was then bacb-titrated (B.T.) 
with 0.02 N sodium hydroxide solution to a phenolphthalein end 
point. The per ceni 

Two grams of the isomer nere added. 

The values obtained are given in Table I. 
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anol nai removed under a pressure of 76 mni of mercury \$Me 
T ~ B L E  1. the reaction flask \\as immersed in a water bath a t  50' C. Salt 

and an oily liquid were left. Distilled n ater (I50 cc.) nas  added Tlme, 
Hr. .lipha Gamma Delta Epsilon to the flask, and the entire mixture was transferred to a separa- 

Blank 25 25 25 25 tory funnel. The mixture n as u ashed twice u ith separate 100- 
cc. portions of ethyl ether. The ether and water lalers werc 
separated. The ether was allowed to evaporate at room tempera- 
ture, and the oily residue was dried for 2 hours a t  29" C. and a 
pressure of 76 mm. of mercury. Two grams of light yellow oil 
containing some cr) stals were obtained. The crystals, which 
were 2y0 of the starting epsilon isomer, were separated and found 
to melt a t  309" C .  

A sample of the water layer from the ether extraction \?a' 
analyzed for chloride by a Volhard titration. This value a a i  
calculated to the total volume of water; 1.76 grams of chloridf 

RESULTS OF ALKALINE DEHYDROHALOGEN %TKO& 
0 02 N NaOH, Cc.  

0 25 26 2 
0 5  28 4 26'2  25 6 

28 2 
26'1 

0 75 
31 1 26 7 

1 5  32 9 30'3  
1 0  

27 5 
2 7 ' 3  31 3 

32 
2 0  

28'7 
28 5 

34 8 
32 6 

2 . 5  
3 0  

30 33 1 
29'5 

3 5  
4 5  
4 75 34 1 
5 5  72 a0 5 

34 7 
3 i . 3  

6 0  
6 5  32 6 

35 '2  Z ?  l a  31 8 

8 5  33'8 32'2  were found. The theoretical value is 1.82 grams. 
8 0  

9 5  . .  34 4 
10 5 . .  34 9 The 2 grams of oil gave the following analysis: 
11 5 35 4 . j  

This is undoubtedly beta isomer. 

35 6 

Found rheory 
Chlorine, % 58 95 58 6 
Carbon, % 39 9 39 81 
Hydrogen, % 1 8  1 66 
Mol wt.  (camphor method) 19 1 181 
Boiling point (Emioh method), c. 210-211 (cor.) 

The infrared analysis of the distilled oil showed it to be maid) 
1,2,4-trichlorobenzene. -4 small amount of 1,2,3-trichloroben- 
eene is present, and 1,3,5-trichlorobenzene is prohablv present 

PROPERTIES OF ISOMERS 

SOLUBILITY. The solubility of the epsilon isomer in vaiiuu- 
The solubilitv of the other organic solvents is given in Table 11. 

TIME IN HOURS 

Figure 1. Dehydrohalogenation of 
Isomers of Hexachlorocyclohexane 
in 0.1 N Sodium Hydroxide Meth- 

anol Solution at 0' C. 

reaction to trichlorobenzene mas then calcu- 
lated and plotted against time (Figure 1) .  

% reaction = 10 X (B.T.-25) X 412.5 X 
-7- - 

0.001939 

After sufficient readings had been made to 
deterniine the rate of the reaction, the solution 
was allowed to warm to 20' C. Aftcr 24 hours 
a chloride determination was made by means 
of a Volhard titration using 10 cc. of the re- 
action solution. Volhard chloride determination 
a t  the end of the reaction showed the following 
results : 

0 1 N  Chloride, Grams 
homer AgXOt, Cc Found Theory 
Alpha 4 9  0 717 0 732 
Gamma 4 8  0 703 0 732 
Delta 4 9  0 717 0 732 
Epsilon 5 0  0 731 0 732 

The beta isomer did not react under these 
conditions. 

Fifty grams of methanol were placed in a 
flask fitted with a glass stirrer. Five grams 
of epsilon isomer were dissolved in the metha- 
nol. Three grams of sodium hydroxide chips 

while the temperature of the reaction was held 
at 20" C. by means of a water bath. The meth- 

were added slowly over a period of 30 minutes WAVELENGTH N MICRONS 

Figure 2. Infrared Absorption Spectra of Hexachlorocyclohexane 
Isomers 
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TABLE 11. SOLUBILITY OF ISOMERS IN GRAMS PER 100 GRAMS TABLE 111. WAVE LENGTHS OF ISFRARED ABSORPTIOX ~ I A X I X I A  
OFS0LVEXTAT2o0C. O F  1,2,3,4,5,6-HEXACHLOROCYCLOHEX.4XE ISOMERS 

Solvent Alpha Beta Gamma Delta Epsilon Cell Wave 
Length 
hlicrone ;:Erg Thickness, 

Isomer Xlm. Concn. 
Alpha 0.67 4 g./lOO ml. CClr 3.37 22 

soln. (2,5-7.5~) 8: 7.44 45 

aoln. (7.5-14u) 7.94 42 
5 g./lOO ml. CSz 7.62 40 

8.18 58 
8.31 19 
9.06 51 
9.56 13 
10.50 75 
10.80 71 
11.66 54 
12.58 87 
1 2 . 7 2  83 
13.09 66 

Ace tone Ace tone 
Ethyl acetate 
Methyl acetare (99c7,i 
Dioxane 
Toluene 

14.1 
12.5 

7.9 
5.9 

56.0 
46.3 
. .  . .  

3 3 : 7  

20:o 

16:s 

2i:2 

i:9 
i:5 

6.7 

19.2 

. .  
6 . 5  

. .  

85.0 
7 5 . 5  . .  . .  
4 6 : 2  

22:2 

ii:r 

10:4 

410 

i:7 

31.2 

31.0 

14:3 

. .  

33 2 
24 5 
24 3 
21 6 
15 8 
14 8 

Ethyl acetate 
Methyl acetare (99c7,i 
Dioxane 
Toluene 

. .  . . .  
11 3 
2.5 

7.1 
5.56 

4.8 

. . .  

. . .  

i:8 
. . .  
2.6 

2.9 

0.87 

... 

. . .  

. . .  

1:i2 

0 ' 3 2  

0.93 

0.36 

Benzene 
Ethyl alcohol (absolute) 
Methanol 
Propylene dichloride 
Ethyl ether (anhydrous) 
n-Butyl alcohol 
Ethylene dichloride 
Isopropyl alcohol 
Chloroform, U S P. 
Trichloroethvlene 

4 2  
3 7  
3 34 
3 0  
2 4  
2 4  
2 0  
2 0  
1 3  
1 3  
0 6  
0 6  
0 5  
0 32 
0 2  

o:i7 

0 :  i7 

o:i7 

0 :  09 
o:io . .  

Isopropyl etger 
Cyclohexane 
Perchloroethylene 
Carbon tetrachloride 
Petroleum ether (40-75O C.) 

Beta < O .  1 100 mg. solid mixed 
with 60 m g  Nujol 

3.99 
7.59 
8.13 
8.39 
9.54 
9.73 
9.89 

10.74  
10.86 
11.05 
12.29 
12.70 
12.88 
13.43 

50 
60 
63 
33 
68 
38 
29 
33 
26 
59 
23 

29 
92 

30 

Pentane 

(;amma 0.67 5 g./lOO Inl .  CClr 
soln. (2.5-7.5~) & 
5 g./lOO ml. CSz 
s o h .  (7..5-14d 

3 37 
7.44 
7.83 
8.05 
8.20 
9.03 
9.65 
10.32 
10.49 
10.98 
11.81 
12.71 
12.89 

22 
44 
40 
41 
43 
47 
27 
45 
63 
65 
74 
64 
77 

Delta 0 . 6 7  g./100 ml. CClr 3 37 30 
soln. (2 5-7.5~) & 7.53 50 
5 g./lOO ml. CS2 7.67 45 
s o h .  (7.5-14~) 7.81 31 

8 09 59 
8 24 40 
q nti 20 I.__ _ _  
0 . 2 7  12 
9 69 35 

'10.16 45 
Figure 3. Extinction Angles of 

Epsilon Isomer 10.49 60 
10.79 67 
11.61 45 
12.92 84 
13.22 79 isomers is included in most of the cases to show the comparative 

solubility. These measurements were made at the analytical 
laboratory of this company and vary somewhat from the original 
data given by Slade (11). 

INFRARED ABSORPTION. The infrared absorption spectrum of 
each of the isomers is given in Figure 2. These curves are used 
for analysis of the isomers in various mixtures. The percentages 
of absorption a t  the various wave lengths characteristic of each 
isomer are given in Table 111. Because of the insolubility of the 
beta isomer in carbon tetrachloride and carbon disulfide, the 

Epsilon 0.67 0.83 g./lOO ml. satd. 
CClr soln. (2.5- 

ml. satd. CS, soln. 
7.5~) & 1.3 g./100 

(7.5-14p) 

3.37 
7.46 
7.73 
8.07 
8.37 
9.76 
10.67 
10.89 
12.64 
13.97 

6 
12 
23 
29 

!2 
39 
68 
45 
59 
60 

sample was tested in a powder layer with Sujol. 

Table IV gives the x-ray powder diffrac- 
tion data of each of the five isomers. 
Filtered CuK, radiation was used with 
the wedge technique (camera radius = 71.7 
mm.). To check the random orientation 
of the finely pulverized substances, an- 
other set of patterns wm taken with 
filtered MoK, radiation by the standard 
Debye-Sherrer-Hull method, and the two 
sets of data were found to be in good 

X-RAY POWDER DIFFRACT~OX PA'lTERNS. 

i I 

Figure 3 shows the six-sided crystal. I t  is biaxial, and the 
optic sign is positive. The crystal system is monoclinic, as evi- 
denced by the extinction angles and the Laue diffraction sym- 
metry CPh - 2 /m.  To determine the unit cell dimensions, 20' 
oscillation photographs were taken about the three axes. 

a = 6.77 f 0.02kX 
b = 11.66 f 0 . 0 8 k X  
5 = 6.94 f 0.02kX 
8 = 111O f 0.5' 

The densit] of the crystal was found to be 1.85 grams per cc., 
which value fixes the number of molecules per unit cell as two 
(the calculated density is 1.88 grams per cc.). 

This 
crystal is also monoclinic. The density of the crystal was deter- 
mined as 1.86. The unit cell dimensions are the same as those of 
the six-sided crystal. 

The x-ray powder diffraction patterns and the melting points 
of the two forms are identical. 

Figure 4 shows the long prismatic form of the rrystals. 

agreement. 

CRYSTAL HABITS OF EPSILON ISOMER 

The epsilon isomer crystallizes from v 
benzene or acetone in two" crystal habits. 
One of these is six-sided, and the other is 
long prismatic. mer Crystal 

FiWre4. h i s -  

~ ~ $ o ~ ~ ~ f  
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TABLE Iv. X-RAY POWDER DIFFRACTION DATA OF ~,~,~,~,~,~-HEX.~CHLOROCYCLO- 
HEXAXE ISOMERS 

Alpha Beta0 Gamma Delta Epsilon 
d ,  kX I l l 1  d ,  k X  I / I t  [hkll d, kX 1/11 d ,  liX I / I t  d ,  k X  I / I I  
6.45 0.15 
6.04 0 . 0 3 B  
5.39 0.12 
4 .98  0 . 0 5  
4.46 0.15 
4.15 0 . 2 5  
3 . 7 1  0 . 0 8  
3.47 0 . 6 0  
3 . 4 2  1.00 
3.22 0 . 7 2  
3.10 0 .30  
2 .94  0 . 6 5  
2.85 0 . 2 0  
2.67 0 . 5 8  

5 .81  
5.02 
4 . 5 0  
4 .11  
3 .55  
3.36 
3 . 0 3  
2.79 
2 .69  
2,515 
2.442 
2.373 
2 .250 
2.198 
2 .051 
1.974 
1.936 
1.870 
1.838 
1 .751 
1.725 
1.702 
I ,  678 
1,653 
1,632 

0 .15  
0.02 
0.17 
0.73 
0.04 
1.00 
0 . 0 8  
0.51 
0.25  
0.09 
0 .04  
0 . 3 7  
0 .10  
0 . 2 1  
0 . 0 2  
0 . 0 2  
0 . 0 8  
0.14 
0 .04  
0.04 
0.01 
0 . 0 1  
0 . 1 3  
0 . 0 5  
0 .16  

111 
200 
210 
211 
220 
221 
311 
230 
321 
400 
410 
411 
420 
42 1 
422 
431 
511,333 
250,432 
521 
522,441 
433 
531 
600,442 
610 
611,532 

6 55  0 35 
5 95 0 55 
5 53 0 06 
5 11 0 30 
4 73 0 05 
4 39 0 17 
4 23 0 12 
4 04 0 15 
3 90 0 12 
3 69 0 50 
3 62 0 05 
3 51 0 12 
3 41  1 00 
3 25 0 15 
3 16 0 35 
3 12 0 35 
3 02 0 16 
2 95 0 09 
2 93 0 12 
2 80 0 50 

7.09  0.05 
6 . 1 0  0.53 
5 . 3 2  0 .53  
4 . 8 9  0 . 0 7  
4 . 7 0  0.05 
4.37 0 .75  
4.14 0 .75  
3 . 9 8  0.10 
3.74 0.10 
3.69 0 . 0 8  
3.57 0.75 
3 .49  0 .43  
3 . 3 9  0.10 
3 . 2 9  0 .05  
3 . 2 1  1.00 
3 .04  0 . 2 0  
3 . 0 0  0.20 
2 93 0.57 
2.87 0.03 
2.77 0.10 
2 . 7 0  0.45 
2 . 6 4  0.20 
2 . 6 0  0 . 1 6  
2.47 0.23 

6.47 0 .07  
5 ,86  0 19 
5 .54  0 35 
5.14 0 31 
4.29 0 . 9 0  
4 . 0 9  0 55 
3 .34  1 o o u  
3.24 0 . 3 1 0  
3.13  0 . 4 4  
3 .03  0 . 0 8  
2.98 0 . 6 2  
2 . 9 2  0.08 
2.84 0.12 
2.66 0.49 
2 . 5 6  0 3 6 B  
2 .46  0.25 
2 33 0 20 
2.24  0 . 0 7  
2 .17  0.16 
2 .09  0.19 

these isomers and the symmetry ele- 
ments expected. The twelve positions 
around the ring are designated accord- 
ing to Figure 5. 

The predicted values for the dipole 
moments refer to the configuration ex- 
pected in the crystalline state. A small 
dipole moment (0.7 X lo-’* electrostatic 
units) has been found for the beta isomer 
in benzene. In  cyclohexane the value is 
2.0 X e.s.u. and suggests a selec- 
tive interaction of solvent on the some- 
what nonrigid structure of CsH6Cla. 

Xany  textbooks of organic chemistry, 
including that of Gilman ( 4 ) ,  give the 
structures of the theoretically possible 
isomers of inositol, an analog of hrxa- 
chlorocyclohexane. Assuming that all 
of the carbon atoms lie in one plane, 
there are eight gcometrical isomers 

* 0 - 10.06 * 0.02 lix. One of these can exist in two optically 
active fornis so that the total is 
nine. 

1,. K. Frevel of the x-ray laborator5 
uf this company has expressed an opinion that the epsilon isomer 
may not be any one of the sixteen possible isomers mentioned 
but could be an isomer with a different configuration of the car- 
bon atoms of the ring. 

POSSIBLE ISOMERS 

The crystal structure determination of P-C&C16 and C6HsBrs 
(8)  and the electron diffraction data of gaseous &C6&,C& (5)  
establish a puckered six-membered ring for these cyclohexane 
derivatives. Assuming this staggered configuration of the cyclo- 
hexane ring, one obtains thirteen theoretically possible isomers 
and three mirror images, making a total of sixteen. Table V 
lists the configurations of the hydrogen and chlorine atoms for 

CONCLUSIONS 

The epsilon isomer of hexachlorocyclohexane has been isolated, 
Jhemical analysis of the isomer shom i t  to be C6H~Cl6. 

The alkaline dehydrohalogenatiori product is a mixtiire of tri- 
chlorobenzenes, as is true for the four known isomers. The melt- 
ing point’ and the infrared and x-ray patterns of the epsilon isomer 
show that it is not any of the four known isomers. 

The authors believe that this establishes the epsilon as a nern 
isomer of hexachlorocyclohexane. 

l 
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TABLE V. ISOMERS OF HEXACHLOROCYCLOHEXAEE 

0 Large 0 229-68 (1939). I H CI H C1 H C1 H CI H C1 H C1 0 Small 0 8id;biD); 2 CI H C1 H C1 H C1 H C1 H Cl I3 3m 

3 Cl H H C1 H C1 H C1 H C1 H CI rn Small Large 
4 H C1 C1 H C1 H C1 H C1 H C1 H m 

+ RIoderate 5 C l H C I H  H C l H C l H C l H C l  m 
6 H  C I H  C I C l H  C I H  C I H  C 1 H  

, . . . . .  of Industrial and Engineering 

7 C 1 H H C 1 H C 1 C I H H C 1 H C 1  1 
8 H C l C 1 H C l H H C l C 1 H C l H  1 
9 C1 H H C1 H C1 H C1 H CI C1 H 2/m 0 Moderate 

Chemistry a t  the 110th Meeting 
12 C1 H C1 H H C1 Cl H H C1 H CI 1 $ hloderate $ . . . . . of the AMERICAN CHEMICAL SO- 

Moderate I 1  C1 H C’ H CI H H C! H C1 H CI 3rn 

13 CI H H C1 H c1 Cl H C1 H H C1 m 
CIETY, Chicago, Ill. 

: E:: 
Small Moderate 4- 
Small Small 

0 
. . . . . *  h E a E N T E D  before the Division t; 

10 H C1 C1 H Cl H C1 H C1 H H C1 2/m +0+ ::;:: 0 . . . . . .  


