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During the synthesis of various macrocyclic ketones it became necessary to 
develop an efficient method for converting large quantities of complex ethers into 
their corresponding iodides. This method was then applied for the preparation of 
iodides from olefins and alcohols. 

The more efficient procedures for cleaving ethers into halides involve the use 
of either gaseous or aqueous hydrogen iodide (1, 2, 3, 4) and hydrogen bromide 
(5, 6 ) ,  acetyl iodide (7), acetyl chloride (8), and various halogenated derivatives 
such as phosphorus oxychloride (9), aluminum chloride (lo), and phosphorus 
pentabromide and chloride (5). A similar conversion of ethers into esters of in- 
organic acids has been effected with phosphoric anhydride (11) and sulfuric acid 
(12). Gaseous or aqueous hydrogen iodide has been the reagent most frequently 
used; however, it has the disadvantages that large excesses of an expensive re- 
agent are required, extensive reduction of the reaction product often occurs, and 
reaction is slow in heterogeneous medium. 

In  an effort to obviate these disadvantages the reactions of various ethers with 
excess orthophosphoric acid and potassium iodide were studied. Phosphoric acid 
and potassium iodide are of value in that they serve as a convenient, readily 
available source of hydrogen iodide, and advantage is taken of the acid-catalyzed 
solvolytic cleavage of ethers by strong acids (13). Cleavage of simple aliphatic 
ethers by these reagents is illustrated by the following equation : 

R-0-R + 2 KI + 2 H3P04 + 2 R I  + 2 KHzPOI + H2O 

In  initial experiments (Table I) with dibutyl ether, potassium iodide, and 
excess 50% phosphoric acid at 110" it was found that no reaction occurred. When 
the concentration of the phosphoric acid was increased to 85% by weight and 
finally to an optimum concentration of 95%, cleavage of the ether proceeded 
rapidly, with minimum reduction and dehydration, to give 1-iodobutane in 
75.1% and 81.0% yields respectively. Since anhydrous phosphoric acid and 
tetraphosphoric acid were found to have marked dehydrating action and hydro- 
gen iodide is relatively insoluble in these solvents, a general routine procedure 
using excess 95% orthophosphoric acid was adopted. Sodium iodide could be 
substituted for potassium iodide without appreciably altering the reaction 
efficiency. 

Upon extension of the method to various aliphatic and alicyclic ethers (Table 
11), it was found that the procedure was generally applicable and had many ad- 
vantages over previous methods. Cleavage of the mixed aryl-alkyl ether, @-naph- 
thyl ethyl ether, into @-naphthol and iodoethane occurred readily, but the reagent 
had no effect on diphenyl ether. No attempt was made to obtain maximum 
yields in this series; however, the reaction was accelerated and made almost 
quantitative by increasing the mole ratio of potassium iodide to ether. 
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CONVEBSION TO 
IODIDE, % 

77.7b 
68.7 
96.0 
0 

60.5 

Because of the general efficiency obtained with the potassium iodide-ortho- 
phosphoric acid reagent, the method (Table 111) was extended to various alcohols 
and olefins as indicated: 

ROH + KI + H3P04 + RI + KHzPOi + HzO 
RCH=CHz + KI + + RCHICH, + KHzPOa 

YIELD OF 
IODIDE, % 

81 .o 
89.8 
96.0 
0 

77.7c 

TABLE I 
EFFECT OF PHOSPHORIC ACID  CONCENTRATION^ ON THE CLEAVAGE OF DIBUTYL ETHER 

3 50 
3" 
3 

I 85 
85 
85 6 
95 4 

T.P.A.d ~ 5 

I 0 
56.0 
57.2 
61.6 
73.0 
47.5 

0 
5.7 

17.1 
7 . 6  
9.6 
3.9 

0 
56.0 
72.4 
75.1 
77.7 
52, S6 

0 All experiments were conducted with dibutyl ether, potassium iodide, and phosphoric 
acid in a mole ratio of 1:3:3.9 a t  135"; with tetraphosphoric acid a mole ratio of 1:3:1.3 was 
used. b Conversions are based on dibutyl ether added to  the reaction; yields are based on 
ether consumed. c Sodium iodide was used instead of potassium iodide. The tetraphos- 
phoric acid was 82-84% phosphoric anhydride. e An 8.3% yield of l-butene was obtained. 

TABLE I1 
CLEAVAGE OF ETHERS WITH POTASSIUM I O D I D E  AND 95% PHOSPHORIC  ACID^ 

COMPOUND 

Dibutyl ether..  . . . . . . . . . . . . . . . . . . . . . . . . .  
Diisopropyl ether. . . . . . . . . . . . . . . . . . . . . . . .  
Tetrahydrofuran. . . . . . . . . . . . . . . . . . . . . . . . .  
Diphenyl e ther . .  . . . . . . . . . . . . . . . . . . . . . . . .  
&Naphthyl ethyl ether..  . . . . . . . . . . . . . . . .  

TIME, HBS. 

a Experiments were conducted with an ether, potassium iodide, and 95% phosphoric 
acid mole ratio of 1:4:5.9 a t  the reflux temperature of the reaction mixture. With dibutyl 
and diisopropyl ethers, mole ratios of 1:3.5:5.3 and 1:6:8.7 were used. A 7.3% yield of 
l-butanol was obtained. A yield of &naphthol of 89.9% was obtained. 

Previous studies have shown that alcohols are converted into iodides by aqueous 
hydrogen iodide (14) and phosphorus and iodine (15) and that addition of hydro- 
gen iodide to  alkenes may be effected either in aqueous medium or in glacial 
acetic acid or by the action of sodium iodide either in aqueous hydrochloric acid 
or in glacial acetic acid (16, 17). 

A study (Table IV) of the effect of the phosphoric acid concentration on the 
reaction of alcohols and olefins gave further evidence that these reactions are 
acid-catalyzed (18, 19), and maximum efhiency was obtained with 95% phos- 
phoric acid. Excellent yields of iodides (88.0-95.370) were obtained from various 
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TABLE I11 
CONVERSION OF A4LCOHOLS AND OLEFINS INTO IODIDES WITH POTASSIUM IODIDE AND 95% 

PHOSPHORIC ACID - 
coxPouND" 1 TIME,HBS. 

C yclohexanol . . . . . . . . . . . . . . . . . .  I 
1-Propanol. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . I  

2-Methyl-l-propanol . . . . . . . . . . . .  

1 I 6-Hexanediol. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 

2-Methyl-2-propanol. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . I  

Phenol.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 1  
C yclohexene ' 1  
Cyclohexene.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ 

1 -Hexene . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . .  1 

2,3-Dimethy1-2-butene. . . . . . . . . . . . . . . . . . . . . . . . . . .  ' 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

6 
6 
5 
5 
3 
5 
3 
6 
5 
4 

79.56 
90.5 
88.0 
89.8 
95.3 
0 

90.5 
90. 7 c  
93.3 
91.4 

All experiments conducted with alcohols had an alcohol, potassium iodide, and phos- 
phoric acid mole ratio of 1:2:2.96; that  with 1,6-hexanediol, 1:4:6; those with olefins, 
1:3-3.2:4.1-4.3. b 85y0 Phosphoric acid was used. A 16.6% yield of cyclohexene, identi- 
fied as the dibromide, was obtained. c A mole ratio of cyclohexene, potassium iodide, and 
phosphoric acid of 1:1.5:2.1 was used. 

TABLE I V  

OLEFINS INTO IODIDES 
EFFECT O F  PHOSPHORIC ACID CONCENTRATION ON THE CONVERSION OF .4LCOHOLS AND 

coxPouNDa 
- 

2-Methyl-2-propanol. . . .  

2-Methyl-1-propanol 

1 -Propanol 

Cyclohexene 

ACID CONC., % 

85 
95c 

85 
95 

85 
95 
95 

50* 
85 
95 

TIME, HBS. I CONVEBSION, % 

5 ' 30.0h 
5 ' 89.8 

45.0 
64.2 

44.8 
75.3 
i o . 5  

14.3 
52.4 
90.5 

-- 

IELD OF IODIDE, % 

30.0 
89.8 

79.0d 
88.0 

74.8 
90.3 
90.5 

48.7 
87.8 
90.5 

0 All experiments using phosphoric acid were conducted with an alcohol or olefin, potas- 
sium iodide, and phosphoric acid mole ratio of 1:2:2,1; those conducted with 9570 phos- 
phoric acid had a mole ratio of 1:2:2.9-3.0. An 18.5% yield of 2-methylpropene was ob- 
tained. 0 This experiment was conducted a t  40'; all other experiments were conducted a t  
the reflux temperature of the reaction mixture. The only products isolated were the iodide 
and either unreacted alcohol or olefin. A mole ratio of cyclohexene, potassium iodide, and 
phosphoric acid of 1:1.5:2.0 was used. 

primary, secondary, and tertiary alcohols and olefins; however, phenols were not 
converted into iodides. No organic phosphates were found as products of these 
reactions. 
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EXPERIMENTAL 

Since the procedures for the reactions of potassium iodide and orthophosphoric acid 
with various ethers, alcohols, and olefins are essentially the same, a detailed procedure 
is described for only a single member of each class of compounds. Characterization of all 
compounds was based on their densities, refractive indices, and boiling and melting points. 
Volatile olefins produced during the reaction were converted into dibromides and identi- 
fied in the preceding manner. The composition of binary azeotropes was determined by the 
methods of Lorentz and Lorenz (20). 

Phosphoric acid of the desired concentration was prepared by adding the calculated 
quantity of 85% phosphoric acid to  either water or phosphoric anhydride with stirring and 
cooling. The quantity of potassium iodide varied from 1.5-3.0 times the theoretical. The 
mixture was cooled before adding the potassium iodide to  prevent evolution of hydrogen 
iodide and oxidation to  iodine. The reaction proceeded more rapidly with large excesses 
of potassium iodide. Separation of the reaction products was accomplished either with a 
precision rectifying-column or a modified Claisen distilling-flask a t  various pressures. 

Dibutyl  ether, potassium iodide, and 96% phosphoric acid. Orthophosphoric acid (85%; 
346 g.; 202 ml; 3.0 moles) was added, with stirring, t o  79 g. of phosphoric anhydride (= 
95% phosphoric acid) in a dry 1-1. three-necked flask equipped with a sealed stirrer, a 
reflux condenser, and a thermometer. After the mixture had cooled to  room temperature, 
445 g. (2.68 moles) of potassium iodide and 100 g. (0.77 moles) of dibutyl ether (b.p. 139.5- 
140.5') were added. The mixture was stirred and heated a t  reflux temperature for five 
hours during which time a dense oil separated from the acid layer. The stirred mixture 
was cooled to  room temperature, and 150 ml. of water and 250 ml. of diethyl ether were 
added. The ether layer was separated, decolorized with sodium thiosulfate solu- 
tion, washed with a cold saturated sodium chloride solution, and dried over sodium sulfate. 
The ether was evaporated, and the mixture was rectified a t  atmospheric pressure in a four- 
foot rectifying-column packed with glass-helices. Three fractions were obtained: (a) an 
azeotrope (19 g.; b.p. 110') consisting of 11 g. of 1-iodobutane and 8 g. of 1-butanol, (b) 
I-iodobutane (200 g.; b.p. 129.6130.5°; n: 1.504; d: 1.630), and (c) dibutyl ether (4 g.; 
b.p. 140'; n: 1.402; d? 0.770). Yield of 1-iodobutane; 77.7%. 

2,S-Dimethyl-2-butene, potassium iodide,  and 95% phosphoric acid. Anhydrous potas- 
sium iodide (250 g.; 1.5 moles) and 2,3-dimethyl-2-butene (42 g.; 0.5 moles; b.p. 72.6-72.8'; 
n: 1.4141) were added to  95% orthophosphoric acid (216 g.; 2.1 moles) in a 1-1. 
flask equipped with a reflux condenser, a sealed stirrer, and a thermometer. The mixture 
was stirred and refluxed for four hours during which time a dense oil separated. The re- 
action mixture was cooled and extracted with 150 ml. of water and 250 ml. of diethyl ether. 
The ether layer was separated, decolorized Kith sodium thiosulfate, extracted with a sat- 
urated sodium chloride solution, and dried over sodium sulfate. The ether was evaporated 
on a water-bath, and the residue distilled from a modified Claisen flask a t  atmospheric 
pressure to  yield, after a small fore-run, 96 g. (91.4%) of 2,3-dimethyl-2-iodobutane, n: 
1.495; din 1.448. 

1 ,g-Hexanediol, potassium iodide, and 96% phosphoric actd. Recrystallized 1,6-hexane- 
diol, (GO g . ;  0.5 moles), m.p. 40-41', was added to  a stirred mixture of potassium iodide 
(332 g.; 2 moles) and 95% orthophosphoric acid (296 g.; 3.02 moles) a t  room temperature 
in a 1-1. three-necked flask equipped with a reflux condenser, a stirrer, and a thermometer. 
The reaction mixture was heated for three hours a t  10C-120° during which time two phases 
separated and finally the organic product settled through the acid layer. After the reac- 
tion mixture had cooled, it was extracted Kith 150 ml. of water and 250 ml. of diethyl ether. 
The ether la) er was separated, decolorized with sodium thiosulfate solution, extracted 
with a saturated sodium chloride solution, and dried over sodium sulfate. The ether was 
evaporated on a steam-bath and the residue was distilled from a modified Claisen flask 
under reduced pressure. The fraction boiling a t  112.5-113.5' a t  3 mm. was collected. Yield 
of 1,6-diiodohexane (nz  1.585; d? 2.03; m.p. 8.5-9.0'), 161 g. (95.3%). 
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SUMMARY 

A general method for the conversion of ethers, alcohols, and olefins into iodides 
by reaction with potassium iodide or sodium iodide and phosphoric acid has been 
described. Both the rates of reaction and the yields of iodide obtained from 
ethers, alcohols, and olefins are markedly influenced by the concentration of the 
orthophosphoric acid used. 

COLUMBUS 10, OHIO 
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