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Abstract 
see-Dodecyl ethers of ethyleneglyeol, 2-chloro- 

ethanol, and 1,3-diehloro-2-propanol have been 
prepared by reacting 1-dodeeene with the cor- 
responding substituted alcohol in the presence of 
BFa as a catalyst. 

The addit ion of ethyleneglyeol to 1-dodeeene 
proceeds best in the presence of a reaction solvent 
(e.g., ni t romethane) ,  which suppresses side reae- 
tions. Tile resulting" ethers consist almost ex- 
elllsivcly of the mono-sec-dodeeyl derivatives. The 
nlaximum yield was about 50 tool% on dodecene 
intake and 75 %m on converted ethyleneglyeol. 

The addit ion of 2-ehloroethanol and 1,3- 
diehloro-2-propanol to dodecene can easily be 
conducted without a reaetion solvent;  yields are 
77 and 67 nml% rCSllcctivcly on 1-dodeeene intake. 
A reaction scheme for the addit ion of ethylene- 
glycol to l-dodecene is proposed. 

Introduction 
M O N G  T I l E  N U ~ [ E R O U S  OL~IFIN t ~ E A C T I O N S  known 

today the addition of alcohols to olefins to form 
ethers has received relatively li t t le attention. The 
reaction was carried out for the first time by Semmler 
(1), who prepared eamphene ethyl ether by adding 
ethanol to camphene under  the influence of con- 
centrated sulfuric acid. In  1907 Reychler (2) re- 
ported that  in the same way tr imethylethylene reacts 
with methanol to form tert-amyl methyl  ether. Ae- 
cordino' to Evans  and Ed lund  (3), the prefer red  start-  
ing materials are pr imary  alcohols and lower " te r t ia ry"  
olcfins (e.g., isobutene). Straight-chain olelins dis- 
p]ay low react ivi ty;  H2S04 is the preferred catalyst, 
and the reaction reaches an equil ibrium depending on 
the type of olefin used. 

Th is addition reaction was carried out with straight- 
chain o]efins: viz., 1-dodeeene and substi tuted alco- 
hols; viz., ethyleneglycol, 2-ehloroethanol, and 1,3- 
diehloro-2-propano] in combination with a BFa 
catalyst. A survey of tile exploratory work is giver, 
in this paper. 

Experimental Procedure 
Analyt ical  procedures are described below. Fo r  

the hydroxyl  vMue the acetylation method according 
to Ogg et al. (4) was used. To determine the ethoxy 
content of glycol ethers, Siggia's method (5) was 
used. 

C h l o r i n e  i n  s e c - D o d e c y l  2 - C h l o r o e t h y l  Ethers 

A sample containing" about 1 meq C1 is dissolved in 
a mixture  of 5 ml of n-butanol and 15 nd of absolute 
ethanol. The solution is heated to reflux, and 1.5 g of 
metallic sodium is added in small portions via the 
condenser. Af te r  30 nfin of refluxing 20 ml of 96% 
ethanol are added;  af ter  cooling down to ambient 
temperature,  50 ml of 50% aqueous alcohol are added. 

5 1 7  

The product  is then acidified with 20% HNOa to 
phenolphthalein,  and the number  of C1 equivalents 
is determined by Volhardt ' s  method. 

W a t e r  i n  Reaction Mixtures 

A weighed sample of tile reaction mixture  is diluted 
with a measured amount of a 1:1 methanol/n-butanol  
mixture  of known water content  to a s tandard volume. 
The water  determination is carried out in an aliquot 
par t  by the Kar l  Fischer  method. 

sec-Dodeeyl 2-I-Iydroxyethyl Ethers a n d  E t h g l e n e g l y c o l  
in Reaction M i x t u r e s  

A weighed sample taken from a well-stirred reaction 
mixture  and containing' about 2.5 meq of hydroxy 
ethers is shaken with 50 ml of a 1:1 mixture  of pentane 
and diethyl  ether and 50 ml of HzO. Af te r  phase 
separation the result ing bottom layer is extracted 
three times with 20-ml portions of ether/pentane.  
The combined ether/ 'pentane fractions are washed 
three times with a 10 wt% solution of Na2S04 in 
water, ~ filtered through fluted filter paper,  and evap- 
orated in a conical flask. The number of OII  equiva- 
lents is determined direet ly  in the residue by the 
aeetylation method. 

The combined water  layers and washings obtained 
are diluted to a s tandard volume, and an ethylene- 
glycol determinat ion is carr ied out in an aliquot par t  
by oxidation with. periodic acid by Pohle's method (6). 

The hydroxy ether yield is calculated as follows: 

H y d r o x y  ether 
yicld, mo l% on 
dodecene in take  ~-~ - -  

H y d r o x y  ether  cone., m e q / g  react ion mix ture  
X lO0 

in i t ia l  dodecene cone., mmole /g  
react ion mix tu re  

I-Iydr oxy ether 
),ield, tool% on n y d r o x y  ether  cone., m e q / g  reac t ion  mix tu re  
converted glycol ---- X 100 

in i t ia l  glycol cone. glycol cone. 
mmole /g  reac t ion  - -  mmole /g  reac t ion  
mix tu re  nl ixt l l re  

sec-Dodecyl  2-Chloroethyl Ethers  i n  R e a c t i o n  M i x t u r e s  

A weighed sample taken from a well-stirred reac- 
tion mixture  and containing about 1.0 meq of ehloro- 
ethers is shaken with 50 ml of pentane and 50 ml of 
50% aqueous ethanol. The result ing lower layer is 
extracted twice with 10-ml portions of pentane. The 
cmubined pentane fractions are washed three times 
with 10-ml portions of 20% aqueous ethanol and 
filtered through fluted filter paper into a conical flask ; 
the  perilune is evaporated. The number  of CI equiva- 
lents is direct ly determined in the residue by the 
sodimu method. The ch]oroether yield on 1-dodeeene 
intake can be calculated by the method mentioned 
above. 

Preparat ion and Identi l ic~t ion of sec-Do4ecyl  
2-Hydroxyethyl  ~ t h e r  

A stream of BFa is passed into a mixture of 1116 g 
dioxane and 372 g of ethyleneg]yeol containing about 

" 1Wl l en  n i t romethane  was  used, a 2N N a O H  wash ing  of the e t h e r /  
pen tane  ex t rac t s  was included. 
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~ I e .  1. D i s t i l l a t i o n  o f  c r u d e  h y d r o x y e t h e r ,  f r o m  a d d i t i o n  
r e a c t i o n  o f  e t h y l e n e g l y c o l  t o  1 - d o d e c e n e .  

0.5 wt% tIeO; the temperature is kept below 20C by 
cooling in ice. When 272 g have been absorbed, the 
BFa stream is stopped and 168 g ]-dodecene are 
added. This mixture is heated to 95C with vigorous 
stirring. 

After  three hours under these conditions the prod- 
uct  is r~pidly cooled to room temperature and poured 
out on ice. Tile resulting upper layer is taken up 
in a 1:1 (v/v) mixture of diethyl  ether and pentane 
whi]e small amounts of organic material are recovered 
from the aqueous phase by extraction with an ether/  
pcntane mixture. After  washing the combined ether/  
pentane phases with It~O and lett ing the solvent 
evaporate, the resu]ting residue is rectified in vaeuo 
(Figure  1).  

The analytical  data of tile ntain fractions obtained 
have been collected in Table I. 

P r e p a r a t i o n  a n d  I d e n t i f i c a t i o n .  o f  s e c - D o d e c y l  
2 - C h i o r o e t h y l  :Ether 

A stream of BF8 is passed at room temperature into 
487 g of 2-cbloroethanol containing 0.7% H=,O. When 
34 g have been absorbed, the BFg addition is dis- 
continued and 168 g 1-dodeecnc are added. The re- 
suit ing mixture is heated to 95C with vigorous 
stirring. Af ter  five hours under these conditions the 
reaction product is cooled to room temperature and 
extracted five times with 100-ml portions of pentane. 
The combined pentane extracts are washed with 20% 
aqueous alcohol and, after the pentane has been flashed 
off, rectified in vaeno (Figure  2) .  Analyt ica l  data of 
the mail1 fractions obtained are presented in Table iI. 

TABLE I 

Addition of Ethylei teglyeol  to l-Dodecene. Analys i s  of F r a c t i o n s  Ob 
rained by Analy t ica l  l~eetification of ~eaet ion  Product  

AnMysis  

Boil ing Weight  Product  Id[ydroxyl B thoxy  
point value content 

O g meq./g" m m o l e / g  

1 0 6 - 1 0 7  62 Dodeeene 
(23 m m )  ( ] -dodecene 

content ;4  % ) . . . . . . .  
1 7 1 - 1 7 9  79 see Dodecyl  2- 4 .38 4.32 
(28  m m )  hydroxyethyl 

ether ~4.35] a [4 .85]  
1 6 4 - 1 7 4  6 sec-Dodeeyl 

(6  ram)  ether  of 8.73 6.15 
dicthyleneglycol  [3 .66 ]  [7 .32]  

a Values between brackets:timoretleal.  

OOI tNC POIN- /~ 21mm H~},C 

160 see DOLECYL 2 CHLOROETHkL ETHE-4f l  

470 

q60 

14C 

Be .i 

~2C 

BOC, LCk~IE5 

I0C 

9C 
Re F~ACTIVE NDEX n ~I 

Iq5 

'Jd ' i" ~:) 50 o 50 u c 8o so oo 
%~ ~STILLED 

FlC,.  2. D i s t i l l a t i o n  o f  c r u d e  c h l o r o e t h e r s  f r o m  a c l d i t i o n  o f  
2 - e h l o r o e t h a n o l  to  1 - d o d e e e n e .  

TABLE II 

Addition of 2-Chloroethanol  t,o 1-Dodecene. Ana lys i s  of  ]~ractions Ob- 
tained by Analy t ica l  Igectification ot Reac t ion  P roduc t  a 

Boiling Weight  
Doint Product Analysis 

C g 

1 0 8 - 1 1 1  2& Dodecene 1-dodecene content: 
(25 ram) 2 % 
1 7 4 - 1 7 5  169 sec-Dodecy| 01 content  4 .02 
(25 ram)  2-ch]oruethyl m e q / g  

ethel, I theor. 4,02 ] 

a After the chh)roether had been converted into the corresponding 
hydroxyether by refln• with a solut ion (If sod ium acetate in acetic 
acid to fo rm the acetate ( 7 ) ,  followed by  saponification, the following 
analytical results were obtMned: 

H y d r o x y l  ~a iue :4 .26  m e q / g  
[ theor,  .1,35 ] 

~]thoxy con ten t :4 .32  ~Tmole/g 
NM/~ and  XI~ m e a s u r e m e n t s : p r i m a r y  O H  g r o u p s ;  2 CHa g r o u p s / m o l e  

P r e p a r a t i o n  a n d  I d e n t i f i c a t i o n  o f  s e c - D o d e e y l  1 , 3 - D i c h l o r o -  
2 - P r o p y l  E t h e r  

A stream of BFa is passed at room temperature into 
876 g 1,a diehloro-2-propanoL When 6.8 g have been 
absorbed, BFs  addition is stopped and 168 g 1- 
dodecene are added. The mixture is then heated to 
95C with vigorous stirring. After  10 man of reaction 
t ime the reaction product is cooled down to room 
temperature. The ehloroethers are isolated by ex- 
tracting the crude reaction product  five times with 
200-ml portions of pentane. Af ter  washing the com- 
bined pentane extracts with 20% aqueous ethanol and 
after evaporation of the pentane, the resulting resi- 
dues are rectified in vacuo. Yie ld:  198 g see-dodeeyl 
1,3-dichloro-2-propyl ethers. 

Collected in Tab]e 111 are the analytical  data of 
the ebloroethers and of the corresponding dihydroxy 
ethers formed by reaction of the ehloroether with 
sodium acetate (7)  in refluxing acetic acid and by 
saponification of the resulting acetates. 

T A B L E  III 

Addition of 1 ,8-Dichloro-2-Propanol  to l-Tlodecene. Analys is  of sec- 
D0decyl 1,3 Dich loro-2-Propyl  E d m r  Obta ined  by  Analytical 

Rectification of Reaction Product 

scc-Dodecyl aec-Dodec~I 
Properties 1,8-dichioro- ],a-d hydroxT- 

2-propyl  ether  2-propyl  ether 

Boil ing range 1 7 2 - 1 7 3  (9 m m )  
02 Oontent,  m a t / g  8,50 [ theor .  3 ,361  11.7 [theor,  11.5 I 
O1 Content ,  m e q / g  6.78 [the, or. 6 .72[  . . . . . . .  
O H  V a l u e  " . . . . . . .  7 .38 [ theor.  7 .69]  
Test  for vic inM 
O H  gl'OLp8 wi th  t t lO~  .. neg~tivc 
I /%/NMR analysis ........ primary 0 I I  groups 
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HYDROXYETHER YIELD, %m ON T-DODECENE INTAKE 

20 
I45C 

~ T 0  3 

REACtiON TIMK,S 

Fro. 3. Addition of ethy]eneglycol to 1-dodeeene; in- 
fluence of reaction temperature. Reaction conditions: ethylene- 
glycol /dodecene molar ratio = 3; and B~a concentration in 
el:hyleneglyeol = 15.5%w. 

Results  and Discussion 

Addit ion  of  E t h y l e n e g l y c o l  to 1-Dodecene 

The addil iml of ethyleneglyeol to 1-dodeeene to 
yield sec-dodeey] 2-hydroxyethyl ether proceeds ae- 
cording to : 
R--- CH:CH~ -~ H0--CH~ 

I 
HO--CH~ 

R - - C E  CI-I~ ( ] other position 
BFa ! isomers) 

I 
O 
I 

OIrI~ 
I 

CHe 
I 

Oil 

In Figures 3 5 the ether yields determined in small  
samples which were taken from the reaction mixture 
under various conditions have been plotted as a func- 
tion of reaction time. The maximtnn attainable yield 
on dodecene intake is rather low, viz., about 25 mM %. 
The ether formation is favored mainly  by a large 
excess of ethyleneglycol.  The influence of reaction 
temperature and BF3 concentration on the ult imate 
ether yield is small;  their main effect is on the reac- 
tion rate. 

The amounts of water and ethyleneglyco] found in 
the samples ( F i g , r e  6) strongly suggest that the 
maiu side-reaction is the formation of polyglyeols  
and wateri thus rendering the selectivity of the co , -  
version of ethyleneglycol into see-dodeeyl 2-hydroxy- 
ethyl ether very low, viz., about 5%. 

The yield could be raised to about 50 tool% on 1- 
dodeeene intake with dioxane and nitromethane as 
reaction solvents (Figures 7 and 8).  

The figures also show that, in the presence of these 
solvents, the reaction can be carried out at a tem- 
perature some ~0C lower, viz., al, 95C instead of 
135C. Under these conditions, side reactions of the 
ethyleneglyeol are strongly suppressed, as indicated 
in the reduction of water formation and the increase 
in yield on converted glycol from 5 to about 50 tool%. 

HYDRUXYETHER u ON I DOD[C2NE INTAKE 

20 

15 5~/o w __/~ 

o y  :- 2 4 6 
REACTION TIM=,h 

FI(~. ~:. AddiHon of ethyleneglycol to 1-dodeeene; in- 
fluence of  BFa concentration in ethyleneglyeol.  Reaction con- 
ditions: ethyleneglycol/dodceene molar ratio = 3; and tem- 
perature = 135C. 

HNDROXYETHffR YIELD,%m ON 1-DODECENE INT/~KE 

30 
RATIO =18 

RATIO=6 o 
20 

a ~  

y i / R A T I O ~  3 

'0 A ~ 

/ 

o i 
2' 4 6 

~REAC HON TIME, '~ 

Fro. 5. Addition of  ethyleneglyeol  to 1-dodecene; influence 
of  ethylcne, g lyeo] /dodecene molar ratio. Reaction conditions: 
temperature 135C; and BF3 concentration in ethyleneglyeol = 
15.5 wt%.  

From a comparison of Figures 7 and 8 it can be 
concluded that the BI~% catalyst is more active in the 
presence of nitron~ethanc than with  dioxane. With  
nitromethane t h e  opt imum yie ld is attained in half  
the time at about half  the BFa concentration. 

Rectification in vacuo of the reaetion products 
(Figure 1) provides l ittle evidence of the formation 
of appreciable amounts of di-sec-dodecyl glycol ether 
by reaction of another molecule of dodecene with 
sec-dodecyl 2-hydroxyethyl  ether: 

R 
I 

R--OH=Ott~ + n o  otIz~ CI-I2 O--CI-I - - / - ~  

5H,~ 

I I 
CH~ OH3 

The initial  water content of the ethyleneglycol- 
solvent-BF3 mixture proved to have a great influence 
on the rate of ether formation and on reaction selec- 
t iv i ty  of thc cthyleneglyeol  conversion. Table IV  
shows that an increase in water content from 0.5 to 
1.3 wt% doubles the t ime required to reach max imum 
ether formation but that it leads to a rise in ether 
yield on converted ethyleneglycol  from 49 to 76 tool%. 

Addi t ion  of  2-Chloroethanol  to 1-Dodecene  

This reaction, y ie ld ing  see-dodecyl 2,chloroethyl 
ether, proceeds as follows: 

R CH=CH2 % H0 - C~I~CH.~--Ol 
R OH CI-L 

O- -CH~Ct t : - - -C1  (Q- 
other position isomers) 

HYDROXYETHER yIELC,ggm H20 FORME3, mr GLYCOL INIAKE 
5,C 03 

p-2�9 FORMATION o~ 

/"YIELD IDN DODECENE INTAKF 
2C o ----*~/ - - t  

~ -  f / f  

/ ; /  

"// 0 .... ...................... 
c1 

REACI ON TIME, h 

Fro.  6i A d d i t i o n  of  e thy leneg lyco l  tB l - d o d c c e n e ;  g lyco l  
consumption and HeO formation during reaction. Reaction 
conditions: ethyleneglycol /dodecene molar ratio = 9; ]3F~ con- 
ecntrat~on in ethyleneglyeo] = 15.5 wt% ; reaction temperature = 
135C; and initial water  content of g lyeol /BFa phase = 0.6 wt%.  
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HYDROXYETHCR YIE[ b~/om ON DODECENE INTAKE 

53 

H20 FOR M&TION, mole/mole 
ETHYLENFCt YCOt INTAKE 

~O O5 

/ 
HzO FORMA- ON 

' i ~ 1 7 6  4 
REdCTION IWE 

Fie .  7. A d d i t i o n  of  ethyleneg]ycol  to 1-dodeeene~ us ing  
dloxane as reac t ion  solvent.  React ion  cond i t ions :  ethylene- 
g lycol /dodecene  mola r  ra t io  = 6 ; d ioxane /e thy leneg lyco l  we igh t  
ra t io  = 3; EP~ concent ra t ion  in  e thyleneglyeol-dioxane = 15.5 
w t % ;  t empera tu re  = 95C; and i n i t i a l  I-I~O concentra t ion in 
glycol-d!oxane-BFa = 0.3 w t % .  

TAI~.], E IV 
Addition of EthyleneglycoI to 1-Dodecene. Influence of H~O on 
Reaction Rate a~ld on Yield of ~ec-Dodeeyl 2-Hydroxyetiiyl Ether on 

Converted EthyleneglycoD 

~I20 
Content Time Hydroxycther yield 

of glycol/ required 
BFa/ to attain on 
nitro- optimum on converted 

methane hydroxyether 1-dodecene ethylene- 
mixture yield intake glycol 

%w h %m %m 

0.5 1 51 ~ 49 ~ 
1.3 2 49 76 

a Reaction conditions: 1.dodecene/glycol/BFa molar ratio ~ 1/612; 
nitromethane/glycel weight ratio = 3; temperature = 95C. 

b Vd~,lue~ taken from Figure 8. 

Al though  the react ion was catalyzed by concentra ted 
sulfur ic  acid, BFs  gave be t te r  results  in  regard  to 
yield and  by-product  fornmtion.  The reaction con- 
di t ions should be about  the same as for the addi t ion 
of ethyleneglycol so the olefin is s t i r red with an  ex- 
cess of the chloroaleohol at  95C in the presence of 
B F >  In  F igure  9 the e ther  yield a n d  amount  of 
water  formed have been plot ted against  reaction time. 
As the small  amounts  of water  indicated t ha t  there 
was no appreciable format ion  of di(2-chloroethyl)  

u  44 

~%DROXYETH:~R (IE_IL %m ~ 
~c '  YIELD ON I DODFCFNE INTAKE 

\\ 
\\ 

4O ~ ETHYLENEGLYCOL 
% YIF[ D ON CONVEH l E'D 

REACTION TIME, h 

FIG. 8. A d d i t i o n  of  ethyleneglyco] to l-dodecene, us ing  nitro- 
methane  as react ion solvent.  :Reaction cond i t ions :  ethylene- 
g lycol /dodecene  mola r  r a t io  = 6;  n] t romethane. /e thyleneglycol  
we igh t  r a t io  : 3 ; BF.~ concent ra t ion  in  e thyleneglyeol :  
n i t rome thane  = 8.4 w t %  ; t empera tu re  = 950; and i n i t i a l  H~O 
concentra t ion in  glyeol-1fi tromethane = 0.5 w t%.  

~ec DCn:C (_ ~-CHI O~OETNYL ETHER ~;ELD, 
%,,, ON ' 30DECENE GTA~E 

BJ / ~  

H20 ~Cla~IEO molr 
~-I:~LCROET"s Gr&~(: z 

/ 

F~ISRE 9 
aDCITICNOF2.CHLO~ET~I#OI- Ol 30DECENE 

FIe.  9. A d d i t i o n  of 2-chloroethamfl to 1-dodecene. React ion 
condi t ions :  t empera ture  = 95C; 2-ehloroethanol/dodecene molar  
ra t io  = 6; BF~ concentrat ion in ehloroethanol  = 6.5 w t %  ; and 
i n i t i a l  water  eontent  of 2-chloroeihanol /BF~ mix tu re  = 0.7 wt%.  

ether, no exper iments  were carried out with  solvents. 
A comparison of F igure  9 wi th  F igure  8 shows 

that ,  under  about  equal conditions in regard  to tem- 
perature ,  aleohol/olefin molar  ratio, and BF~ and 
water  concentrations,  the maximum ether yield is 
higher  than  in the ease of ethyleneglycol,  viz., 77 tool% 
as against  52 tool% on 1-dodecene intake. 

Addi t ion  of  1 ,3-Dichloro-2-Propanol  to  1-Dodecene 

From this  work it  was concluded tha t  the addi t ion 
of alcohols to s t ra ight -chain  1-alkenes is s t imulated 
by the presence of a chloride or a hydroxy group at 
the carbon atom adjacent  to the one car ry ing  the OH 
group to be etherified, t Ienee it  was assumed tha t  
1,3-dichloro-2-propano] would react relat ively easily 
with 1-dodecene to form a sec-dodecyl 1,3-diehloro-2- 
propyl  ether according to:  

CH~--CI 
[ (4- other 

R--OH--COn Jr H e - - o H 2  - - - - ~  position 
[ isomers) 

CH~--C] 
R--CII--CIIa 

CH2 CI 
I 

0 - - - C  
l 
C H ~ C I  

This assumption proved correct ;  the ether yield on 
dodeeene intake was 67 reel% under  the lollowing 
reaction conditions : 

1,3-dichloro-2-propanol/ l-dodeecn e 
molar  ra t io  = 6.8 

BF~ concentrat ion in the propanol  = 0.8 wt% 
Init ial  I I20 concentra t ion in BF3/1,3- 

dichloro-2-propano[ mix ture  = 0.1 wt% 
Reaction t ime = 10 olin 
Tempera tu re  = 95C 

The reaction ra te  was much higher  than  in the addi- 
t ion of ethyleneg]yeol and chloroethanol even though 
the catalyst  concentra t ion was much lower. A water  
de terminat ion  in the reaetion p rodne t  gave l i t t le  evi- 
dence of the format ion of di(1,3-dicbloropropyl)  
ether. 

I s o l a t i o n  of  R e a c t i o n  Products  

The see-dodecyl ehloro- and  hydroxy ethers can be 
recovered by  pour ing  out the reaction mixtures  on 
ice, collecting tile water-insoluble material ,  and dis- 
t i l l ing in vacuo. 

I t  has been found however t ha t  the ethers can also 
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REACTION T~ME, h 

FIe,. ]0. Addit ion of  ethyleneglycol to ]-dodeeene; re- 
activities of ] dodecene and internal dodecenes, l/,caction con- 
ditions: temperature = 95C; ethyleneg]ycol/dodecene molar 
ratio = 3; dioxane/ethyleneg]ycol weight ratio = 3; and BFs 
concentration in ethy]eneglyeol-dioxane mixture = 16.7 wt%. 

be isolated by extract ing the reaction mixtures  with 
pentane at ambient  temperature.  The pentane cx- 
tracts,  which contain a mixture  of o]efins, the sec- 
ondary alkyl ethers, and  some higher-boiling material,  
can be separated by distillation in vaeuo (Figure  2). 
The bottom layer contains the excess of the s ta r t ing  
alcohol and the BF8 catalyst. In  the ease of ethylene- 
glycol the isolation proceeds best with n i t romethane 
as the reaction solvent on account of its poor mis- 
cibility with pentane. 

C o u r s e  o f  A d d i t i o n  o f  E t h y l e n e g l y c o l  t o  1 - D o d e c e n o  

According to ]R analysis,  the dodeeene recovered 
from the reaction products  of 1-dodecene and 
ethyleneglycol which represent  the n laximum of the 
yield-time curve contained 96% of in ternal  dodecenes 
(Table I).  F igure  10 shows tha t  these olefins are 
less reactive in the etherifieation reaction than  1- 
dodccene. F rom F igure  11 it is seen tha t  see-dodecyl 
2-hydroxyethyl  ether decomposes rapidly in a simu- 
lated reaction mixture  in which dodeeene has been 
replaced by n-dodeeane. 

These findings suggest  tha t  the addition reaction 
proceeds according to the following reaction scheme: 

HYOr~(}XYLTHERS.~ CN 'NT~KE 
lOC 

\ \  

4~ 

\ 

I t 

REACT ON TIME. h 

FIG. 11. Additiorl of ettlyleneglycol to 1-dodeeene; rate 
of decomposition of sec-dodecyl 2-hydroxyethyl ethers in a 
simulated reaction mixture. Reaction conditions: temperature = 
95C. Composition: see-dodecyi 2-hydroxyethyl ether 7.3 wt%, 
n-dodecane 10.4 wt%, ethyleneglycoI 13.3 wt%, K20 0.5 wt%, 
BE8 14.1 wt%, dioxane 52.5 wt%, and diothylcneglyeol 1.9 
wt%. 

1-dodecene + ethyleneglyeol --~ sec-dodecyl 
2-hydroxy- 

internal  dodecenes + ethylenegIyeo] _-~ ethyl ethers 

The fact that  the yield-time curves pass th rough  
a m a x i m u m  can be explained as follows. Ini t ial ly 
the reacting olefin is mainly  of the ]-alkene type. 
Decomposition of the reaction product  leads to the 
more slowly react ing internal  01efins, and  ul t imately  
decomposition predominates  over the format ion re- 
action, i t  is not known whether  a direct isomerization 
of the 1-dodeeene to its internal  isomers takes place 
at the same time. 

Probably a similar reaction scheme applies to the 
addition of 2-ehloroethanol and  1,3-diehloro-2- 
propanol to 1-dodecene. 
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