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Abstract 

Chlorination of oleyl alcohol gives mainly 
9,10-dichlorostearyl alcohol but a variety of other 
products are also formed. By-products include 
9 (10)- (9,10-diehlorostearoxy)-10 (9)-chlorostearyl 
alcohol (14%) and 9,10-dichlorostearyl 9,10- 
dichlorostearate (3-4%) in addition to three or 
four less clearly defined products (12%). One 
group of products is apparently derived from 
participation of the hydroxyl group in the 
chlorine addition step while the other products 
formed by the reaction of the hydroxyl group 
with chlorine or chlorine and hydrogen chloride. 

Introduction 

C H L O R I N A T E D  F A T T Y  A L C O H O L S  have been of interest 
because they can be converted to the sodium 

dichloroalkyl sulfate detergents. Earlier work showed 
the additive chlorination of oleyl alcohol, sulfation, 
and detergency (9). The product, considered to be 
9,10-dichlorostearyl alcohol and formed in quantita- 
tive yield as a colorless oil with reasonable analysis 
for chlorine, has been found by TLC to contain at 
least four components (1). The present work was 
undertaken to identify the by-products that occur 
upon the chlorination of oleyl alcohol, and to deter- 
mine how they are formed. 

Experimental  Procedures 

The oleyl alcohol used in this work was prepared 
by distillation of two commercial oleyl alcohols, Novol 
(I(roda) and Adol 90 (Ashland), on a 40-plate 
spinning band column. The alcohols obtained were 
from 95-98% oleyl alcohols containing from 1-3% 
stearyl alcohol and from 0.2-0.5% acidic material 
considered as oleic acid. 

Reference compounds were collected and used to 
help identify components of the chlorination mixture. 
Methyl 9,10-dich]orostearate was prepared by chlori- 
nation of methyl oleate (5). Methyl 9(10)-methoxy- 
10(9)-chlorostearate was prepared by chlorination of 
oleic acid in methanol (6). A commercial sample of 
stearyl alcohol (98+%) was used without further 
purification. 

1 Eastern Regional Research Laboratory, E. Utiliz. Res. Dev. Div., 
ARS, USDA, Philadelphia, Pa.  19118. 

9 , 1 0 , 1 2 , 1 3 - T e t r a c h l o r o s t e a r y l  A l c o h o l  

Linoleie acid (90%) was chlorinated according to 
a procedure described by Lyness and Quackenbush 
(5) to produce a yellow paste. This crude material 
was reduced with diboranc (2), producing tetra- 
chlorostearyl alcohol as a paste, and then recrystal- 
lized from Skelly B several times to obtain a low 
yield of white solid, mp 105.5-106.5 C, homogeneous 
by TLC (benzene-ether, 75:25). 

Analysis. Calculated for ClsHa4C140: C, 52.95 ; I:I, 
8.40; Cl, 34.73. Found: C, 53.16; H, 8.41; C1, 35.03. 

A strong infrared absorption at 3300 cm -1 indicated 
the presence of the hydroxyl group. 

The mother liquor from the above room tempera- 
ture recrystallization was cooled to --25 C and the 
resulting small amount of precipitate was removed. 
Decolorization with charcoal and concentration under 
vacuum resulted in a pale yellow oil. After purifica- 
tion by preparative TLC the material was still an oil. 

9 , 1 0 - D i c h l o r o s t e a r y l  9 , 1 0 - D i c h l o r o s t e a r a t e  

9,10-Dichlorostearic acid was prepared by -15  C 
chlorination of oleic acid in methylene chloride. The 
crude product was reerystallized from Skelly B to 
obtain a material at mp 36.5-38 C (5). This acid 
(5 g, 0.0137 mole) was dissolved in Skelly B (20 ml) 
and mixed with thionyl chloride (1.71 g, 0.0144 mole), 
The mixture was heated to reflux for 24 hrs. It  was 
then concentrated under vacuum, producing 9,10- 
dichlorostearoyl chloride, and used without further 
purification. The aeyl chloride was dissolved in Skelly 
B (30 ml), mixed with 9,10-dichlorostearyl alcohol 
(4.65 g, 0.014 mole) and pyridine (1.08 g, 0.014 
mole), and the mixture was heated under reflux for 
1.5 hr. The product was washed with water, dried 
(MgSO4) and concentrated under vacuum to a pale 
yellow oil with a strong absorption, at 1735 cm-! 

O 
Jl 

(R-C-O-R),  in the infrared spectrum. 
C h l o r i n a t i o n  P r o c e d u r e s  

The chlorination procedure was essentially that 
described in an earlier report (9). The details of our 
experiments are described in Table I. 

I s o l a t i o n  a n d  I d e n t i f i c a t i o n  

By comparing the infrared spectra of the reference 
compounds we were able to assign certain absorptions 
to certain structural features in these compounds. 
The following list describes these correlations. 

TABLE I 

Effect of Temperature on Oleyl Alcohol Chlorinationa, b 

Percentage  upon distillation (approx.)e 
Expt. Reaction 

temp. Exotherm % Cl LV. Stearyl Dichloro- 
alcohol stearyl Residue d 

alcohol 

Theory 21.0 0.0 0.9 
1 --13C 3C 20.4 0.2 1 70 26 
2 --  3 5 19.9 0.3 1.4 70 17 
3 -t- 6 6 20.0 0.5 1.8 72 e 26 e 
4 +17 7 19.s 0.0 
5 + 2 6  6 19.6 0.6 2:5 58 28 

a01eyl alcohol (50 g) in methylene chloride (175 ml) .  
s Yields were  consistent f rom 9 9 - 1 0 0 %  of theory. 
e TLC of the various fractions indicates that only very small amounts of new products form during distillation. 
anichlorostearyl  alcohol distills from 160-175 C/0.05 mm;  the residue is material  not distilling at 205 C/0.05 mm. The fraction collected 

between these ranges appears to be mainly 9,10-dichlorostearyl alcohol. 
eYields based on column chromatography of the sample (silica gel, benzene-ether, 7 5 : 2 5 ) .  Residue is considered TLC spots 2, 3 and 4. 
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St ruc tura l  
Fea ture  

R C H f O H  
R - C H - O - C H 3  

I 
R-CH-C1 
R-CH-C1 

1 
R-CH-C1 
- -  ( C I - I 2 ) -  n 
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Frequency  
(cm -1) 

3340 and 1060 
]100 and 

685 

650 
725 

Thin-layer chromatography of the chlorinated 
alcohols was run  on silica gel plates with benzene- 
ether (75:25) as an eluant. In  this solvent system, 
four components were observed and arbi t rar i ly  num- 
bered 1 through 4. The Rf values and numbers are: 
TLC 1, Rf = 0.27; TLC 2, R~ = 0.39; TLC 3, Rf = 
0.47, and TLC 4, R~ = 0.8. The components were 
separated and purified mainly by preparat ive TLC, 
although component 4, because of its fast migration 
rate, was purified by a combination of column chro- 
matography (benzene-ether, 75:25) and preparat ive 
TLC. In f ra red  spectra were run on a Perkin-Elmer 
237-B ; N ~ R  were run  on a Varian A-60 spectrometer. 

Relative amounts of each component were obtained 
by distillation (see Table I ) ;  however, to double 
check these numbers we subjected a typical sample 
to column chromatography. All fractions were 
analyzed by TLC and amounts of each component 
were estimated and combined. On this sample (Table 
I, Exper iment  3) the relative amounts were TLC ], 
74%;  TLC 2, 14%; TLC 3, 3%;  and TLC 4, 9%. 
In the solvent system (mainly benzene-ether, 75:25) 
we used stearyl alcohol; 9,10-dichlorostearyl alcohol 
and 9,10,12,13-tetrachlorostearyl alcohol were in- 
distinguishable, i.e., they had similar R~ values. 
Presumably polychloroalcohols f rom substitution 
reactions would also escape detection by TLC. How- 
ever, the agreement in the yield of 9,10-dichlorostearyl 
alcohol by distillation and chromatography and also 
the per cent chlorine in the crude reaction mixtures 
suggest that  the polychloro alcohol content of the 
samples is quite low. Listed below is the information 
accumulated on each component. 

TLC Spot 1 

This component was easily separable by preparat ive 
TLC but was more conveniently purified by simple 
vacuum distillation. When carefully distilled, the 
product  was a colorless oil containing only a trace 
of stearyl alcohol (VPC, 1~ in. by 4 ft, OV-1 column) 
and only one major component. The NMR spectrum 
with absorptions at ~ 0.86-2.1 ppm (several absorp- 
tions, 3].3, CI-I~(CHf)TCC(CHe)TC-O), 2.74 ppm 
(singlet, 1.00, C - O - H ) ,  3.51 ppm (triplet,  1.95, 
- C H f O ) ,  3.92 ppm (complex, 1.95, -CHC1CHC1-) 
and the inf rared  spectrum with absorptions at 3340 
and 1060 cm -1 (OH),  725 cm -1 - ( C H e ) - n  and 
650 cm -1 (-CHC1CHC1-) show that  this material  is 
9,10-dichlorostearyl alcohol. 

Analysis. Calculated for ClsH36OC12: C1, 20.89. 
Found:  C1, 21.04. 

TLC Spot 2 
Distillation of chlorinated oleyl alcohol results in 

the accumulation of components 2, 3 and 4 in the 
pot residue. Pure  identical samples were obtained 
by preparat ive TLC of both the chlorinated alcohol 
and the pot  residue. The in f ra red  spectrum has 
absorptions at 3350 and 1060 cm -1 (CH~OH),  1100 
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FIG. 1. TLC plates of a chlorinated oleyl alcohol sample 
showing (left) TLC spots 1, 2, 3 and 4 and (right) TLC 
spots 4a, 4b and 4c. 

cm -1 ( R - O - C H f R ) ,  725 em -1 ( - ( C H e ) n - ) ,  685 em -1 
( -CHC1CHOR-)  and 650 cm -1 (-CHC1CHC1-).  The 
NMR spectrum showed many superimposed absorp- 
tions so the tr ichloroacetylurethane derivative was 
prepared. The spectrum of the derivative had ab- 
sorptions at $ 0.85-2.1 ppm (several absorptions, 
62.2) 3.1-3.6 ppm (multiplet, 3.0), 3.6-4.35 ppm 
(multiplet, 4.8) and 8.2 ppm (singlet, 0.8, 
-O-CNItCCC13).  The s t ructure  that  best fits the 

I1 II 
O O 

data is that  of 9 (10)- (9,10-dichlorostearoxy)-10 (9)- 
chlorostearyl alcohol. 

TLC Spot 3 

The component of TLC spot 3 was not entirely 
purified. The sample was mainly spot 3 but  another 
compound moving slightly faster  than spot 3 was 
observed. This compound was called 3a. In  addition, 
the sample was also contaminated with a small amount 
of TLC spot 2. The inf rared  spectrum of this 
material  has absorptions at  3400 and 1060 cm -1 
(shoulder) (CHeOH),  a very  intense band at 1100 
cm -1 (RaC-OCHeR),  725 cm -1 ( - ( C H f ) , - ) ,  685 cm -1 
( -CHC1CHOR-)  and 650 cm -1 (-CHC1CHC1-).  The 
spectrum is superimposable on that  of TLC spot 2 
except that  the band at 1100 cm -~ is relatively more 
intense than the band at 1060 cm -1. Also, the absorp- 
tion at 685 cm -1 is relatively more intense than the 
absorption at 650 cm -1. The yield of this material 
(ca. 3%) and the infrared data as well as its position 
on the TLC plate lead us to speculate that  this 
material  is the tr imeric chloroether, the next  higher 
homolog of TLC component 2. 
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TLC Spot 4 

In  benzene, TLC of this spot shows that  it  actually 
contains three materials which we designate 4a, 4b 
and 4c. Material 4a has the lowest Rf value while 
4c has the highest. The relative concentration of 
these components is estimated to be about 3:4:2 for 
a total concentration of about 9%. Each of these 
components was prepared in pure form. 

The inf rared  spectrum of 4a has absorptions at 
1735 cm -1 (ester),  725 em -1 ( - (CH2)~- )  and 650 
cm -1 (-CHC1CHC1-) but  no hydroxyl  absorptions. 
The infrared spectrum of 9,10-dichlorostearyl 9,10- 
dichlorostearate had been run  earlier and was iden- 
tical to tha t  of 4a. In addition, the TLC behavior 
in several solvents (benzene, Skelly B-acetone, 95:5, 
ethanol) of 4a was identical with that  of the ester. 
The NMR spectrum was run  and the reference ester 
has absorptions at  ~ 0.8-2.5 ppm and at 3.85-4.25 ppm 
but these are both complex. The NMR spectrum of 
4a was identical. 

Component 4b has the following characteristics : the 
inf rared spectrum has no hydroxyl  and no carbonyl 
but  it  does show absorptions at  650 em -1 
(-CHC1CHC1-) and has bands at 1070 and 1125 
cm -1 with the 1125 cm -~ band the stronger of the two. 
The NMR spectrum of this material is poorly re- 
solved but  bands appear  f rom 8 0.7-2.1 ppm (21), 
3.2-3.75 ppm (1.0) and 3.75-4.25 ppm (1.0). There 
appear  to be no absorptions in the vinyl region. 

Component 4c has properties very  similar to 4b 
except that  in the inf rared spectrum the band at 
1070 em -~ is stronger than the band at 1125 cm-L 
The NMR spectrum is nearly identical w i t h  that  
of 4b. 

Action of Chlorine on 9,10-Dtchlorostearyl Alcohol 

A sample of distilled 9,10-dichlorostearyl alcohol 
(2 g) was dissolved in methylene chloride (10 g) 
and the solution cooled in a --30 C methanol-ice bath. 
Chlorine gas was bubbled through the solution 
briefly unti l  it was the usual yellow-green color. The 
flask was then stoppered and allowed to stand at 
--30 C for 30 rain. The reaction mixture  was then 
concentrated under  vacuum to give a near ly  colorless 
oil. TLC shows this sample to be considerably en- 
riched in TLC Spot 4a (9,10-dichlorostearyl 9,10- 
dichlorostearate).  Preparat ive  TLC shows that  a 
considerable amount of 4b is also produced by this 
treatment.  

Action of Chlorine and Hydrogen Chloride on 
9,10-Dichlorostearyl Alcohol 

The alcohol (1 g) in methylene chloride (5 ml) 
was t reated with chlorine and then hydrogen chloride 
and allowed to stand 30 min at  room temperature.  
Preparat ive  TLC of this product  showed that  4c 
was the major  new component. In  addition, some 4a 
and probably 4b were also formed. 

Action of Hydrogen Chloride on 9,10-Dichlorostearyl Alcohol 

The alcohol (1 g) in methylene chloride (5 ml) 
was cooled to - 3 0  C, saturated with hydrogen chloride 
and stored for 20 rain. Concentration under  vacuum 
gave a yellow oil that,  upon TLC, was unchanged 
from the s tar t ing alcohol. 

Action of Chlorine on 9,10-Dichlorostearyl Alcohol 

The alcohol (1 g) in methylene chloride (5 g) 
was saturated with chlorine at room temperature  and 
the reaction vessel was stoppered. An exotherm was 
noted and bubbles of gas were formed as the solution 

GRIMM ET AL.:  CHLORINATED ALCOHOLS: I I  899 

became colorless. The reaction mixture  was con- 
centrated on a ro ta ry  evaporator to a colorless oil. 
TLC showed the main component to be 4c but  some 
4a was also formed. 

D i s c u s s i o n  
This work shows that  chlorination of oleyl alcohol 

in methylene chloride (50 g/175 mI, 6 C) gives at 
least six different products, some of which are shown 
below. 

CH3(CH2)~CH = CH(CH2)TCH20H + CI~--* 

C1 C1 

CH~ (CHe) 7CH-CH (CH2) 7CH20H (75%) 

C1 
I 

CH3 (CH2) 7CH-CH- (CH2) ,C H._,OH 
} 

OCHe (CH2) 7CH-CH (CI-I2) 7CH3 (14%) 
I J 

C1 C1 

C1 
t 

CH3 (CHe) 7CH-CH (CH~)TCH~OH 
I 

O-CH2(CH2)TCH-CH-(CH2)TCHa (?3%) 
I J 

C1 OCH2 (CH2) ~CH-CH (CH2) 7CI-I~ 
plus positional I I 
isomers C1 C1 

C1 C1 O C1 C1 
I ~ II l I 

4a) CH3 (CHe) ~CH-CH (CH2) 7CH2OCCH2 (CH2) ~CH-CH (CH2) ~CH~ 
(3%) 

4b and 4c) Unidentified, 4% and 2%. 

Variations in the temperature  of chlorination do not 
serve to eliminate the formation of any component. 
In  fact, TLC of all of the chlorination mixtures shows 
that,  at least for  our temperature  range, they are 
all similar. The relatively low yield of 9,10-dichloro- 
stearyl alcohol observed in Exper iment  5 (+26 C) 
may be indicating the upper  limits for  this chlorina- 
tion, however. Surpris ingly no trace of olefinic hy- 
drogen in any of the components of the sample 
chlorinated at +6 C was found. Chlorinated elaidyl 
alcohol also has a TLC spectrum similar to tha t  of 
chlorinated oleyt alcohol, strongly* suggesting that  
the use of a cis or trans olefin makes little difference 
in the kind of products formed. 

The main product  f rom the chlorination of oleyl 
alcohol is 9,10-dichlorostearyl alcohol, TLC spot 1. 
Additive chlorination of symmetrical internal  olefins 
is usually considered (7) to be a heterolytic reaction 
involving initial attack of a chloronium ion and sub- 
sequent trans attack of a chloride ion. Because the 
addition is trans and the substrate is 

C1 C1 
/ + '  l 

RCI~ . . . .  -'C HR' ) RCH-CH-R' 
I 

C1- C1 

unsymmetrical,  the reaction product  is a pair  of 
enantiomers. Pure  samples of 9,10-dichlorostearyl 
alcohol are perhaps best obtained by fractional distil- 
lation under  a good vacuum. The only component 
of the reaction mixture that  is more volatile is 
stearyl alcohol and the rest of the mixture appears 
to be much less volatile. 

TLC spot 2 is apparent ly  formed because the 
hydroxyl  group of the oleyl or 9,10-dichlorostearyl 
alcohol competes with the chloride ion in attack of 
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the alkylchloronium ion. Chlorinations run in 
participating 

Cl C1 
/+"-. I 

R C H  . . . .  C H R '  ) R C H - C H - R '  + HCI  
J 

O O - R "  
/ \  

C1- H R "  

solvents such as alcohols result in the formation of 
fl-ehloro ethers as the main products. For example, 
Hennion and Irwin (4) found that chlorination of 
3-hexene in 4 moles of methanol gave the chloro ether 
as 65% of the reaction product. Chlorination of 
oleic acid in an excess of methanol or sec-butyl 
alcohol is also reported (6) to give mainly the chloro 
ethers. Since chlorination of oleyl alcohol essentially 
amounts to chlorination of an olefin in the presence 
of an equimolar concentration of a participating sol- 
vent, the formation of the chloro ether is not 
surprising. 

TLC spot 3 could not be purified completely; how- 
ever, we did get a sample that appears to be about 
half TLC spot 3 and then about equal amounts of 
component 2 and a new component which we called 
TLC spot 3a. Component 3a has a slightly higher 
Rf value than component 3. The infrared spectrum 
of this enriched sample is identical with the spectrum 
of component 2 except that the ether bands are 
stronger relative to the hydroxyl bands. We suggest 
that this compound has structure 3 and speculate 
that TLC spot 3a, which appears only when 3 is 
concentrated, is the tetramer corresponding to com- 
pound 3. Speculation is based on the fact that the 
dimer, trimer, etc., that are formed, should be 
able to participate in subsequent chlorinations to 
give trimers, tetramers, etc., by virtue of the re- 
maining free hydroxyl group. Since the amount of 
the n th telomer formed is only about one fifth of 
the (n-l) th telomer formed, the concentration of 
trimer, tetramer, etc., in the reaction mixture, should 
be quite low. Treatment of purified 9,10-dichloro- 
stearyl alcohol with chlorine or chlorine and hydrogen 
chloride does not give rise to TLC spots 2 and 3. 

While components 1, 2 and probably 3 arise from 
additive chlorination of the double bond and from 

hydroxyl participation in that addition, components 
4a, 4b and 4c are generated by reaction of the primary 
alcohol function with chlorine or chlorine-hydrogen 
chloride mixtures. For example, we find that treat- 
ment of purified 9,10-dichlorostearyl alcohol with 
chlorine at - 30  C results mainly in the formation 
of 4a and 4b. At room temperature, however, similar 
treatment, or treatment with chlorine and hydrogen 
chloride, appears to give mainly 4c along with some 
4a. We have found that compound 4a is 9,10-diehloro- 
stearyl 9,10-dichlorostearate. In the chlorinated oleyl 
alcohol prepared, ca. 0.2-0.5% of the 9,10-dichloro- 
stearyl 9,10-dichlorostearate probably came from oleic 
acid present in the oleyl alcohol. However, the main 
part  of this component (ca. 3%) must be formed by 
excess elemental chlorine present during and at the 
end of chlorination. The steps involved in this oxida- 
tion are not clear but chlorination of alcohols is 
reported (8) to give aldehydes via the a-chloro 
alcohol and chlorination of aldehydes such as pro- 
panal is reported to produce (3) carboxylic acids in 
good yields. 

Components 4b and 4c have not been identified. 
The infrared absorptions show the absence of hy- 
droxyl or carbonyl but 4b and 4c do contain vic- 
chlorine and have absorptions at 1070 and 1125 cm -1 
that suggest some sort of ether linkage. The NMR 
spectra are nearly identical and seem to be consistent 
with the infrared spectra. 
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