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This work forms a continuation of our study of the addit ion of a - h a l o  ethers to unsaturated compounds. As un- 
saturated compounds we have taken isobutene and styrene, and as halo e t h e r s - a U y l  chloromethyl  and 1-chloroethyl  
ethyl  ethers. Allyl  chloromethyl  ether was prepared in the usual way by the chloromethylat ion of a l lyl  alcohol;  the 
constants of the product agreed with those given in the l i terature [1]. 1-Chloroethyl  ethyl  ether was synthesized by 
Shostakovskli 's method [2]. After excess of hydrogen chloride had been driven off, the 1-chloroethyl  ethyl ether was 
taken for react ion without purif icat ion by dist i l lat ion.  Its constants also agreed with data in the l i terature [2]. In the 
addit ion of these two ethers to isobutene we obtained two y-ch loro  ethers: 

CH~. CHa~ 
CHa>C ---- CH2 -~ CHaCHCI -- OC2Hs --> C -- CH~CH -- OC~Hs (I) 

CH~ / ] I 
C1 CHa 

CIta~ CHa~ 
/ C  --= CH2 @ CICH2OCH2CH --  CH2 -* C - -  CH2CH~0CH2Ctt = CH~, (II) 

C'Ha / C H s / I  
C1 

As a result of the react ion of these a - h a l o  ethers with styrene we obtained, respectively 

C6HsCH - -  CHs -- CH -- OC2Hs (Ill) 
l i 

Cl CH3 
C6HsCK - -  CHzCHzOCHzCH ---- CH~, 

l (IV) 
Cl 

The structures of the 7"chloro ethers (III) and (IV) were confirmed by their conversion into the unsaturated 
compounds: 

C~H6CH = CH -- CH -- 0C2H5 
I 
CH~ 

C6HsCH ---- CH -- CHsOCH2CH ---- CH2 . 

(v) 

(vD 

In the infrared spectrum of (V-I) an intense peak at 968 cm "I points to the presence of C = C ,  a trans-substituted 

double bond. The corresponding u C = C is at 1672 cm -1, i .e . ,  at the usual position for unconjugated trans-substituted 
double bonds. 

In the dehydrochlorination of 3 - ch lo ro - l , 3 -d ime thy lbu ty l  ethyl ether (I) and of a l ly l  3 -ch lo ro -3 -me thy lbu ty l  
ether (II) in each case a mixture of two isomers is evident ly  obtained: 

CH2=C--CH2--CH--0C2H5 (a) CH~. 
] [ " ")C = CH -- CH -- OC~H5 (VII) 
CHa CHa CH8 / [ 

CH3 

CH2 = C-- CH2CH~OCH2CH ---- CH~ (a) CH3. 
[ /~C = CH -- CH2OCH2CH = CH2. (VIID 

CH3 CHs 
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For (VIII) we determined the infrared spectrum. In the double bond region there were two absorption maxima  

of appreciable  intensity at 1657 and 1688 cm "1, of which the first was the larger. In the region of the character is t ic  

ou t -o f -p lane  deformation vibrations of = C - H  bonds there was a peak at 889 cm "1, which belonged to the CH z 

= C / R 1  grouping, which confirms the formation of the compound (VIIIa), The second band, 1683 cm "1 indicates 
~ R  2 

the presence of the compound (vIrrb).  

By the react ion of 3 - ch lo ro - l -me thy l -3 -p he ny lp ropy l  ethyl ether and of ally1 3-chloro-3-phenylpropyl  ether 
with sodium sulfide we obtained the corresponding sulfides: 

CHs 
l (IX) 

C6HsCH - -  CH2 - -  CH - -  OC~H~ 
I 

S 
I 

CsHs--CH -- CH2 -- CH -- OC~Hs 

i 
CH3 

C6HaCH --Ltl~ -- CH2OCHzCH = CH~ 
I (X) 

S 
l 

CsH~ - -  CH - -  CH2 - -  CHzOCH~CH ---- CH2 �9 

Attempts to bring about the addit ion of 1-chloroethyl  ethyl  ether and of ally1 chloromethyl  ether to ally1 chlor-  
ide and to ally1 ace ta te  were not successful. When hea ted  with these unsaturated compounds in presence of zinc 
chloride, the first chloro ether decomposedwi th  formation of HC1 and ethyl vinyl ether, which rapidly polymerized 
in presence of ZnC1 z. In the addit ion of the second a -ch lo ro  ether to ally1 chloride and to ally1 aceta te  much resin 
was produced, and we were unable to isolate the desired compounds. 

Apart from the above reactions we carried out also the addition of 1,2-bischloromethoxyethane to ally1 chlor- 
ide, styrene, and isobutene. 1,2-Bischloromethoxyethane was prepared by the method given by Lichtenberger [3]. 
By the addit ion of 1,2-bischloromethoxyethane to ally1 chloride we obtained the compound 

C1CH2\ 
CH -- CH2OCH~CH~OCH2CH( CH2C1 

CICH2 / \CH~CI " (XI) 

The direction of the addit ion of a - c h l o r o  ethers to ally1 chlortde was determined in work by Pishnamazzade 
and Gasanova [4]. We were unable to isolate the products of the addition of this dichloro ether to styrene and to iso- 
butene in the pure state, because par t ia l  e l imina t ion  of hydrogen chloride from the react ion products occurred during 
dist i l lat ion.  The product of the addit ion of 1 ,2-bischloromethoxyethane to styrene was dehydrochlorinated with 
solid potassium hydroxide, and we obtained the  product C6HsCH= CH-CHIOCHtCHIOCHzCH= CHC6H s (XII). 

By the react ion of the product of the addit ion of 1,2-btschloromethoxyethane to isobutene with solld potassium 
hydroxide we obtained a product that did not contain chlorine. The infrared spectrum of this product was deter-  
mined. It contained a character is t ic  band at 890 cm "1 due to the out -of -p lane  deformation vibrations of = C - H  

bonds and a peak at 1652 cm -t ,  which confirms the presence of a C H ~ = C / R l  structure. A band at 1682 cm -t may 
~ R  2 

be assigned to 

RI~C / R 3  R1 H" 
R 2  / = C \ R  or . R 2 > C = C < R . ~  

The doublet at 1352, 1378 cm -t confirms the presence of two methyl  groups on one carbon atom. On the ba -  
sis of these data we may consider the formula of the product to be 

.CHa 
CH2 ---- C -- CH2CHIOCH2CHIOCH~CH ---- C / 

I \ C H s  
CHs 

1970 



though on the basis of the same infrared data it  may be supposed that the product is a mixture of the following iso- 
mers: 

C / C H ~  
CH2 = C - -  CtI2CH~OCH~CHzOCH2CH = (a) 

C~H~ ~CHs 
CH2---- C -- CH2CH~OCH2CH2OCH~CH2 -- C ---- CH~ 

[ I (b) 
CHz CH., 

CH3. c/CH3 
CH~ x)C/= CH . -  CH2OCH2CHaOCH2CH ~ (c) 

\CH3" 

The peak at  1652 cm -I is more Intense than the peak at 1682 cm -1. This gives us grounds to suppose that, if 
a mixture of products Is obtained, then the most probable mixture is one of (a) and (b). 

E X P E R I M E N T A L  

Preparation of 3 -Ch lo ro - l , 3 -Dimethy lbu ty l  Ethyl Ether. A mixture of 44 g of 1-chloroethyl  ethyl  ether and 
2 g of mercur ic  chloride was prepared in a dark-colored bott le immersed in a cooling mixture a t - 1 8  ~ In the course 
of two hours 23 g of isobutene was passed into the bott le.  The bot t le  was then t ightly stoppered and left in the cool -  
ing mixture for 6-8 h; it  was then left  at room temperature for 2.5 days. At the end of the react ion the contents of 
the bott le  were diluted with 100 ml  of ether, and the ethereal  solution was washed three times with water and dried 
with sodium sulfate. Ether was driven off, and the residue was vacuum-dis t i l led .  In the first fract ionation from an 
Arbuzov flask we col lec ted  43.3 g of a fraction boi l ing at 40-70 ~ (10 mm). In refract ionation from a flask with a 
Widmer column we obtained 34.7 g of the  product of the addi t ion of 1-chloroethyl  ethyl  ether to isobutene with the 
following constants: b.p. 42-44 ~ (10 ram); d4 ~~ 0.9100; nD ~ 1.4218; Yield 52% Found: C1 22%; MR 45.94. CsHtTOC1. 
Calcula ted:  C1 21.56%; MR 45.65. 

Preparation of Allyl  3 -Chloro-3-Methylbuty l  Ether. This ether was prepared analogously from 51 g of a l ly l  
chloromethyl  ether and 27 g of isobutene in presence of 2 g of mercur ic  chloride In 45% yield (35 g); b.p. 60-63 ~ 
(10 mm); d4 ~~ 0.9461; nD ~ 1.4395. Found: C1 21.8%; MR 45.96. CsH5OCI. Calculated:  C1 21.80%;, MR 45.19. 

Dehydrochlorinatlon of 3 -Chloro- l ,3 -Dimethylbu ty l  Ethyl Ether. As a result of three disti l lations of 11.2 g of 
3 - ch lo ro - l , 3 -d lme thy lbu ty l  ethyl  ether over solid potassium hydroxide (8 g each t ime)  we obtained 5 g of dehydro- 
chlorinat ion product wlth the following constants: b.p. 110"; d42~ 0,7967; nD z~ 1.4140; yield 57.4%. Found: C 74.96; 
74.82; H 12.56; 12.77%; MR 40.21. CsH160. Calculated:  C 74.94; H 12.58%; MR 40.32. 

The dehydrochlortnation of a l lyl  3 -ch lo ro-3-methy lbu ty l  ether was carried out analogously. A chlor ine-free  
unsaturated compound was obtained; b.p. 140-143"; d4 z~ 0.8221: nD ~ 1.4330; yield 71.4%. Found: C 76.25; 76.17; 
H 11o26; 11.30%; MR 39.85. CsHt40. Calculated:  C 76.13%; u 11.18%; MR 39.89. 

Preparation of 3 -Ch lo ro - l -Methy l -3 -Pheny lp ropy l  Ethyl Ether. A mixture of 36 g of 1-chloroethyl  ethyl  ether, 
34.5 g of styrene, and 2 g of mercuric  chloride was prepared in a snow-cooled dark-colored bott le .  Thirty minutes 
after mixing the cooling bath was removed, and the bottle was left  at room temperature for three days. At the end . 
of the react ion the mixture was di luted with ether, and the solution was washed three t imes with water and dried with 
sodium sulfate. In the first fract ionation we col lec ted  41.5 g of a fraction of b.p. 85-89 ~ (1 ram). Refractionation 
gave 40 g (56.7%) of a substance having: b.p. 87* (1 mm); d4 ~~ 1.0268; n y  1.5002. Found: C1 15.85~ MR 60.94. 
CIzHI~OC1. Calculated:  C1 16.66%; MR 60.25. 

Allyl  3-Chloro-3-Phenylpropyl  Ether was prepared analogously in 41.5% yield; b.p. 93-94 ~ (4" 10 "z mm); d ~  
1.0587~-~D2~ Found: C117.10%; MR60.38. Cr~HlsOC1. Calcula ted:  C116.82%; MR60.06. 

Preparation of Dehydrochlorinatton Products. 11 g of 3 - c h l o r o - l - m e t h y l - 3 - p h e n y l p r o p y l  ethery ether was 
heated under reflux with 9 g of solid potassium hydroxide for seven hours at 140 ~ Without any prel iminary t reat-  
ment  the contents of the flask were fract ionated.  A fraction of b.p. 90-110 ~ (8 mm) was refract ionated from a flask 
with a Wtdmer column. We obtained 3 g (33%) of dehydrochlorination product: b.p. 100 ~ (8 mm); d ~  0.9428; n y  
1.5184. Found: C 81.58; H 9.25%; MR 56.66. C12H160. Calculated:  C 81.77; H 9.15%; MR 55.19. 

On heat ing 15.8 g of a l ly l  3-chloro-3-phenylpropyl  ether with 8.5 g of potassium hydroxide dissolved in 50 
ml  of ethanol  at 80-90" for eight  hours we obtained 8 g (61%) of a chlor ine-f ree  ether: b.p. 136-138" (12 mm); d ~  

0.9701; hi) ~ 1.5314. Found: C 81.43; H 8.50%; MR 55.60. Cx~H140. Calculated:  C 82.77; H 8.10%; MR54.72. 
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Preparation of Sulfides. A mixture of 20 ml of ethanol, 10 ml of water, and 9 g of NarS. 9H~L3 was prepared 
in a round-bottomed flask fitted with reflux condenser. The mixture was brought to the boil, and 12.6 g of 3-chloro- 
1-methyl-3-phenylpropyl ethyl ether was added dropwlse through the condenser, after which the mixture was heated 
for two hours at 80*. Alcohol was driven off, the mixture was diluted with water, and the organic layer was extracted 
with ether. The ethereal solution was dried with sodium sulfate and ether was driven off at the water pump. After 
the first fracttonation we obtained 5 g of a substance of b.p. 105-135" (12 ram). After the second fraetionatton we 
obtained 4 g (35%) of the sulfide; b.p. 121-123" (12 mm); d~ 0.9765; nD ~ 1.5004. Found: C 74.25; H 9.05~ MR 
116.49. C~HslO2S. Calculated: C "/4.57; H 8.87%; MR 117.11. 

In an analogous way from 10.5 g of allyl 3-chloro-3-phenylpropyl ether we obtained 3 g (31.5%) of sulfide; 
b.p. 139-142" (1 ram); d~  1.0492; nD ~ 1.5500. Found: C '/5.54; 75.55; H 7.89; 7.82%; MR 116.13. CwHs0OzS. Cal- 
culated: C 75.35; H 7.91%; MR 116.18. 

A d d i t i o n  of  1 , 2 - B i s c h l o r o m e t h o x y e t h a n e  to U n s a t u r a t e d  C o m p o u n d s  
Addition to Allyl Chloride. A mixture of 24.8 g of 1,2-bischloromethoxyethane, 1 g of zinc chloride, and 0.5 

ml of nitrobenzene was prepared in a round-bottomed flask fitted with reflux condenser. The flask was cooled with 
snow and salt to -18". 23.8 g of allyl chloride was added dropwise through the condenser, and the reaction mixture 
was left overnight. On the next day the contents of the flask were heated at 50-60* in an oil bath for three hours. 
The treatment of the reaction mixture was carried out by the usual method (extraction with ether, washing, and dry- 
ing). In the first fractfonation we collected a fraction of b.p. 110-143" (1 ram) (6 g). Refractionation gave 4 g 
(8.2%) of a substance having: b.p. 153-155" (2 ram); d~ 1.2485; nD ~ 1.4841. Found: C1 45.13; 45.63%; MR 71.50. 
C10HI80~C14. Calculated: C1 45.45%; MR 71.13. 

Addttion of 1,2-Bischloromethoxyethane to Styrene, and Preparation of the Completely Dehydrochlorinated 
Product. For the experiment we took 70 g of styrene, 53.2 g of 1,2-blschloromethoxyethane, and 3 g of mercuric 
chloride. The mixture of the reactants was kept at room temperature for six days. It was then washed with water, 
and the organic layer was extracted with ether. The ethereal solution was dried with sodium sulfate. Ether was driven 
off at the water pump, and then excess of styrene was distilled of at 2 mm at a temperature of 50-60* in the bath. 
The residue amounted to 93.5 g and had: da ~ 1.13'/0; nD z~ 1.5550; found C1 15.'/2% A mixture of 93 g of this un- 
distilled product, 50 g of potassium hydroxide, and 100 ml of ethanol was introduced into a round-bottomed flask 
fitted with reflux condenser. The mixture was heated for eight hours with reflux of alcohol. Alcohol was driven off, 
the contents of the flask were diluted with water, the organic layer was extracted with ether, and the ether extract 
was dried. Ether was driven off, and the residue was heated up to 160" at a residual pressure of 3 mm. The weight 
of the residue after the heating was 45 g; d~ 1.0756; nD m 1.5'/92. Found: C 81.56; 81.34; H 7,5'/; 7.69%; MR90.83. 
C~Hz~O 2. Calculated: C 81.59; H '/.54G/a MR 89.'/1. 

When the residue was heated above 160" at 3 mm the liquid thickened and partial decomposition occurred, 
The yield of undlstilled product was 60%. 

Addition of 1,2-Bischloromethoxyethane to Isobutene, and Preparation of Completely Dehydrochlorlnated Pro- 
duct. The addition of the dichloro ether to isobutene was carried out by the procedure used in the preparation of 3- 
chloro-l,3-dimethylbutyl ethyl ether. We took 75 g of the dtchloro ether, 55 g of isobutene, and 2.5 g of mercuric 
chloride. In the first fractionation we collected 40 g of a fraction of b.p. 90-110" (10 ram). Refractionatton gave 
34.6 g of a substance having: b.p. 115-120" (14 mm); d4 ~ 1.0973; nD ~ 1.4538; found C1 15.37; 15.22%a The 34.6 g 
of this product of the addition of 1,2-bischloromethoxyethane to isobutene, which was already partially dehydrochlor- 
inated during the distillation, was distilled over potassium hydroxide three times. The third distillate did not con- 
tain chlorine. Distillation from a flask fitted with a Widmer column gave 6 g of completely dehydrochlorinated pro- 
duct; b.p. I04-I06" (10 mm); d~ 0.8859; nD~ 1.4508. Found: C 72.52; 72.54; H 11.30; II.46a]r MR 60.25. Ci2H2zO 2. 

Calculated: C 72.67; H 11.18%; MR 59.96. 
SUMMARY 

1. The addition of 1-chloroethyl ethyl and allyl chloromethyl ethers to styrene and to isobutene was studied. 

2. From the resulting 3-chloro-l-methyl-3-phenylpropyl ethyl and allyl 3-chloro-3-phenylpropyl ethers two 

sulfides were synthesized. 

3. From these },-chloro ethers, and also from 3-chloro-l,3-dimethylbutyl ethyl and ally1 3-chloro-3-methyl- 
butyl ethers, unsaturated compounds were prepared by dehydrochlorination. 

4. The addition of 1,2-bischloromethoxyethane to styrene, isobutene, and allyl chloride was carried out. 
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