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The Reactions of Certain Neopentyl Systems with Electrophilic Reagents’ 
B Y  PHILIP SKELL AND CHARLES R. HAUSER 

Whitmore and co-workers have shown that 
neopentyl systems react with electrophilic re- 
agents to  yield largely rearranged products. 
Thus, neopentyl alcohol with hydrogen bromide 
gives mainly t-amyl bromide,2 while neopentyl 
iodide with silver nitrate or mercuric chloride 
yields largely t-amyl alcoh01.~ These reactions 
have been considered to involve the removal of X 
(hydroxyl or halogen) with its complete octet of 
electrons, leaving a carbon atom with only a sex- 
tet of  electron^.^ This carbon atom is stabilized 
by acquiring an electron pair from the adjacent 
carbon atom, the shifting electron pair carrying 
with it the attached methyl group. 

CHa 
I \ +  

(CHJ~C-CH~ + ( C H ~ ) & H ~ C H ~  

The tertiary carbonium ion thus formed acquires 
the bromide or hydroxyl ion from the medium, 
yielding the t-amyl bromide or alcohol. 

A corollary to this theory (applied to various 
carbon skeletons) might be that the ease of re- 
arrangement is dependent upon the relative elec- 
tron-attraction of the a-carbon atom in the posi- 
tive fragment and upon the ease of migration of 
the electron pair with its attached group. On this 
basis one might expect that the tendency to re- 
arrangement in the neopentyl system would be 
decreased if the hydrogens on the a-carbon atom 
were substituted by electron donating groups, 
such as alkyl or phenyl groups6 That the sub- 
stitution of two alkyl groups on the a-carbon 
atom may impede rearrangement in the neopentyl 
system is indicated by the fact that, in contrast 
to a-methylneopentyl alcohol which on dehydra- 
tion gives mainly rearranged olefins,6 a, a’-methyl- 
ethylneopentyl and a, a’-dimethylneohexyl alco- 
hols on dehydration yield mainly unrearranged 
olefins.’ We have demonstrated that even one 

(1) This paper is taken from a portion of a Ph.D. thesis by Philip 
Skell. 
(2) Whitmore and Rothrock, THIS JOURNAL, 64, 3431 (1932). 
(3) Whitmore, Wittle and Popkin, ibid., 61, 1586 (1939). 
(4) Whitmore, ibid., 64, 3374 (1932). 
(6) That alkyl and phenyl function as electron donating groups 

when present on the a-carbon atom of alkyl halides is demonstrated 
by the increased tendency to ionization of the halides; see, espe- 
cially, Hughes, Ingold, Masterman and McNulty, J .  Chem. Soc., 
899 (1940). 
(6) Whitmore and Meunier, THIS JOURNAL, 66, 3721 (1933). 
(7) Whitmore and Laughlin. i b i d . ,  64, 4011 (1932). While the 

rearrangements may be precluded to some extent because of the de- 

a-phenyl substituent stabilizes the neopentyl sys- 
tem. 

In  contrast to the reactions of unsubstituted 
neopentyl systems, a-phenylneopentyl alcohol re- 
acts with hydrogen bromide to yield largely the 
corresponding bromide, and this bromide reacts 
with silver nitrate to regenerate mainly the origi- 
nal alcohol. Other workers have shown that 
a,a-diphenylneopentyl systems can similarly be 
made to undergo “metathetical” reactions with 
electrophilic reagents to yield largely unrear- 
ranged products,* although rearrangement prod- 
ucts have also been obtained under certain condi- 
ti0ns.Q Thus, a, a-diphenylneopentyl alcohol with 
thionyl chloride gives the corresponding chloride 
which with silver acetate yields the corresponding 
acetate; the latter on hydrolysis regenerates an 
alcohol which may be converted to the original 
chloride.8 

The first step in these reactions probably in- 
volves the formation of a coordination complex 
between the alcohol or halide and the electro- 
philic reagent (ROH2+ or RBr --+ Ag+). This 
facilitates the removal of X with its complete 
octet of electrons. With neopentyl systems 
having at least one phenyl or two alkyl groups 
(in which the unrearranged product is formed) the 
complex decomposes probably yielding the car- 
bonium ion as intermediatelo which then acquires 
an anion (halide or hydroxyl) from the medium. 
The reaction of a-phenylneopentyl bromide with 
silver ion, for example, may be represented as 

(CH&CCH(CEH~)B~ --f Ag+ ___f 

- AgB K 

+OH- 
[(CHa)sCCHCeHs]+ __f (CHa)sCCH(CeH6)OH 

With neopentyl alcohol or halide, however, the 
hydration (possibly involving the simultaneous elimination of the 
elements of water from adjacent atoms) it  would appear that the 
tendency to rearrangements is less with these alcohols, since the 
a-methylneopentyl alcohol which also has the required structure 
for dehydration without rearrangement, nevertheless mainly rear- 
ranges. Moreover, Bartlett and Knox (THIS JOURNAL, 61, 3191 
(1939)) have shown that, in contrast to the reaction of neopentyl 
alcohol with hydrogen bromide, a,a‘-diethylneopentyl alcohol re- 
acts with anhydrous hydrogen chloride apparently without re- 
arrangement. 
(8) Ramart-Lucas, Comfit. rend. ,  164, 1088 (1912); Ann. chim. 

phrs. ,  [SI 30, 368 (1913). 
(9) Marvel and Bateman, THIS JOURNAL, 4Q, 2914 (1927). 
(10) In this connection see especially Hammett, “Physical Or- 

ganic Chemistry,” McGraw-Hill Book Co., New York, N. Y., 1940, 
pp. 139-140; “Annual Reports,” J .  Chcm. Soc., 236-247 (1940). 
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complex may never actually yield the neopentyl 
carbonium ion, but may produce directly the 
more stable tertiary amyl carbonium ion, the re- 
moval of X and the shift of the electron pair and 
its methyl group occurring simultaneously. This 
modification of the original hypothesis would ac- 
count for the apparent absence of unrearranged 
products. The reaction of neopentyl iodide and 
silver ion, for example, may be illustrated as 
follows. 

CHI 
i 'u  - AgL 

i CHs)zC-CHz-I --f Ag+ - 
+OH- 

Since the phenyl group is known to migrate 
more easily than the methyl group, i t  might be 
expected that if the three methyl groups of the 
a-phenylneopentyl system were replaced by three 
phenyl groups, the resulting compound would 
exhibit a greater tendency to rearrangement. 
In agreement with this, it has been found that 
asymmetrical tetraphenylethyl alcohol on treat- 
ment with hydrogen bromide readily undergoes 
rearrangement, accompanied by elimination, 
yielding tetraphenylethylene The alcohol is also 
dehydrated very readily by sulfuric acid, tetra- 
phenylethylene being formed rapidly even a t  
room temperature. Sthmidlinl' has reported that 
asymmetrical tetraphenylethyl bromide with alu- 
minum chloride in benzene or even with boiling 
water undergoes rearrangement eliminating hy- 
drogen bromide to yield tetraphenylethylene 

Experimental 12 

a-Phenylneopentyl Bromide.-a-Phenylnrpentyl alco- 
hol, contaminated with phenyl t-butyl ketone13 (detected 
as its 2,4-dinitrophenylhydrazone), was prepared from 
f-butylmagnesiurn chloride and benzaldehyde, essentially 
a5 described by Conant and Blatt A solution of 36.0 g. 
of the slightly impure alcohol (h p 96-98' at 6 mm.) in 
30 cc. of purified petroleum ether (b. p. 52-58") was satu- 
rated with dry hydrogen bromide (the solution acquiring 
a yellow color immediately and a heavy yellow layer soon 
separating) a t  0" for one hour and at  room temperature 
for four hours. Anhydrous calcium bromide was added 
and the mixture filtered After removing the solvent in 
vacuo, the residue on fractionation through a &inch 
Vigreux column yielded 37.5 g. (75%) of a-phenylneopen- 
tyl bromide, b. p. 103-104' at 7.5 mm. (reported, b. p 
106-112O a t  9 m11-1.)~~: d 1 24 

[(CHa)zCCHzCHa]* - (CHa)2C(CH>CHs)OH 

(11) Schmidlin, "Das Triphenylmethyl." Verlap von Ferdinand 

( 1  2) Melting and boiling points are corrected 
(13) Reduction of the ketone with aluminum isopropoxidc and 

isopropyl alcohol yielded the pure a-phenylneopentyl alcohol, boiling 
it 111 0- 111 3" at 15 mm , and freezing sharplv at 42' 

Enke, Stuttgart. 1914, p 146 

14) ('onilnf And Rlatt THE ~ O I I R N A I  16. 571 1q?& 

The bromide is hydrolyzed very slowly by water, is con- 
verted in high yield to the corresponding methyl ether 
(b. p. 94-95' a t  20 mm.) by treatment with methanol in 
the presence of anhydrous potassium carbonate, and is con- 
verted to the corresponding acetate (b. p. 123-124' at  16 
mm.) by refluxing with anhydrous potassium acetate in 
glacial acetic acid. 

Reaction of a-Phenylneopentyl Bromide with Aqueous 
Silver Nitrate.-To a solution of 10 g. (0.059 mole) of silver 
nitrate in 50 cc. of distilled water was added 9 3 g. (0.41 
mole) of a-phenylneopentyl bromide. Silver bromide 
separated immediately and the solution warmed per- 
ceptibly. After wrapping in paper (as a protection 
against light) the flask (with a ground glass stopper) was 
shaken mechanically overnight. The colorless organic 
layer was extracted with pure ether, and the ethereal solu- 
tion was washed well with water and dried with anhydrous 
potassium carbonate The solvent was removed through a 
12-inch Vigreux column. The residue on fractionation 
in uaczio through a 6-inch Vigreux column yielded 6.2 g. 
(92%) of distillate (A), boiling a t  96-101' (mainly at 99- 
100') a t  7 5 mm , leaving 0.5 cc. of yellow residue. The 
distillate (A)  (which was solid a t  room temperature, the 
last crystal disappearing at  27") was shown to consist 
mainly of a-phenylneopentyl alcohol. Pressing (A) be- 
tween filter paper and washing it with a little petroleum 
ether yielded the alcohol melting at 38-41' (m. p. of the 
pure alcohol is 42') which on oxidation with chromic an- 
hydride in glacial acetic acid gave phenyl t-butyl ketone, 
the latter was identified as its oxime (m. p. 164-1155') 
and as its 2,4-dinitrophenylhydrazone (m. p. 190-19lo) 
The freezing point constant of a-phenylneopentyl alcohol 
was determined by adding 0.264 g. of benzene to 4.152 g 
of the pure alcohol (m. p. 42.0'), the last crystal disappear- 
ing at 37.4'; this indicated a depression of 5.6' for one 
mole of solute per 1000 g. of the alcohol. On this basis, 
the distillate (A) (m. p. 27') contained 0.43 mole of "im- 
purity'' to 1 .0 mole of a-phenylneopentyl alcohol. Assum- 
ing that all of the "impurity" was an isomeric alcohol, 
the maximum extent of rearranged product in (A) wai 
only 30%. 

Reaction of Asymmetrical Tetraphenylethyl Alcohol 
with Hydrogen Bromide.-Asymmetrical tetraphenylethyl 
alcohol (m p. 151 ") was prepared from sodium triphenyl- 
methyl and benzaldehyde essentially as described by 
Schtenk and Ochs '6  

A solution of 9.90 g. (0.0282 mole) of the alcohol in 100 
cc. of pure anhydrous benzene (containing "Drierite" to 
absorb the water formed during the reaction) was satu- 
rated at  0' with dry hydrogen bromide (the solution ac- 
quiring immediately a deep yellow color which faded to a 
light yellow within one-half hour). No color change was 
observed on standing seven hours a t  room temperature 
The solution was filtered in a dry-box and the solvent re- 
moved (at 40") in vacuo. The residue after washing with 
purified petroleum ether yielded 8.0 g. (85%) of tetra 
phenylethylene (m. p. 225O), identified by its tetrabro- 
mide (m. p. 248") and by ozonolysis to benzophenone 
(good yield) which was isolated as its 2,4-dinitrophenyl- 
hydrazone. 

Bsymnietrical tetraphenylethyl alcohol has also been dis- 
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solved in concentrated sulfuric acid at room temperature. 
A momentary flash of bright yellow was produced and on 
pouring the solution into water a high yield of pure tetra- 
phenylethylene was obtained. 

Summary 
1. In  contrast to  unsubstituted neopentyl 

systems, a-phenylneopentyl systems react with 
electrophilic reagents to yield largely unrear- 
ranged products. a-Phenylneopentyl alcohol 
with hydrogen bromide yields largely the corre- 

sponding bromide, and the latter with silver ni- 
trate regenerates mainly the original alcohol. 

2. Asymmetrical tetraphenylethyl alcohol 
with hydrogen bromide or concentrated sulfuric 
acid a t  room temperature yields tetraphenyl 
ethylene. 

3. The effect of substituents on the tendency 
to  rearrangenient of neopentyl systems is dis- 
cussed. 
DURHAM, NORTH CAROLINA RECEIVED JUNE 26, 1942 

[CONTRIBUTION FROM THE CHEMICAL LABORATORIES OF HARVARD UNIVERSITY AND OF THE UNIVERSITY OF CALIFORNIA 
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Acetylenic Ethers. 111.' Halogen Derivatives of Phenoxyacetylene 

B Y  THOMAS L. JACOBS AND WENDELL J. WHITCHER' 

At the outset of our study of acetylenic ethers 
it seemed possible that these compounds would 
exhibit many of the peculiarities of halogenated 
acetylenes since in both classes the carbon- 
carbon triple bond is directly attached to an atom 
bearing unshared pairs of electrons. Actually 
very few close similarities have been observed. 
The only one worthy of mention is the great tend- 
ency toward polymerization exhibited in both 
series by those members which have an acetylenic 
hydrogen (HC=COR and HCECX); com- 
pounds in which this hydrogen is replaced by an 
alkyl group are relatively stable. Dihalogenated 
acetylenes, XC=CX, are likewise characterized 
by ready polymerization. The preparation of 
halogenated phenoxyacetylenes, CeHaOC=CX, 
was therefore undertaken in order to  compare 
these two series more closely and to examine fur- 
ther the reactions of acetylenic ethers. Since 
phenoxyacetylene was the most readily available 
of these ethers it was used throughout this inves- 
tigation. 

Three general methods have been used for the 
preparation of halogenated acetylenes : the action 
of halogens or certain halogenating agents on me- 
tallic derivatives of acetylenes, the reaction be- 
tween hypohalite ion and acetylenes, and the 
treatment of dihaloethylenes with alkaline re- 
agents. 

(1) For the second paper of this series see Jacobs, Cramer and 
Hanson. THIS JOURNAL, 64, 223 (1942). 

(2) The greater part of this paper is taken from a thesis presented 
by Wendell J.  Whitcher to the Faculty of Arts and Sciences of Har- 
vard University in partial fulfillment of the requirements for the 
degree of Doctor of Philosophy. Mr. Whitcher's present address is 
E. I dit Pont de Nemours and Co., Wilmington, Delaware. 

Iodoacetylenes have been prepared in excellent 
yield by the action of iodine on acetylenic Grig- 
nard reagents; a t  0' neither diacetylene formation 
nor iodine addition o~cur red .~  Sodium, copper 
and silver acetylides have also been used and the 
iodination of the first of these in liquid ammonia 
is a good synthetic m e t h ~ d . ~  Diiodoacetylene 
has been prepared in excellent yield by passing 
acetylene into potassium hydroxide solution while 
iodine in potassium iodide solution was being 
added.6 This reaction has not been applied to  
the synthesis of substituted iodoacetylenes. 

All of these methods were tried unsuccessfully 
in an attempt to prepare iodophenoxyacetylene. 
The reaction of phenoxyethynylmagnesium bro- 
mide with the theoretical amount of iodine a t  0' 
failed to  give this compound. Phenoxytriiodo- 
ethylene was obtained in fair yield and was the 
only product isolated. Sodium phenoxyacetylide 
was similarly treated with iodine and only a small 
amount of phenoxytriiodoethylene resulted. The 
main product polymerized when distillation was 
attempted a t  4 mm. pressure, but a t  much lower 
pressures a clear distillate was obtained. This 
was a mixture containing phenoxyacetylene and 
unstable iodo compounds. Treatment with iodine 
gave only phenoxyacetylene diiodide and no 
phenoxytriiodoethylene. The distillate darkened 
rapidly and could not be purified successfully 
An attempt to hydrate the undistilled product 
with mercuric acetate and hydrochloric acid was 
unsuccessful. 

(3) Grignard and Perrichon, Ann. chim., 5, 5 (1926). 
(4) Vaughn and Nieuwland, TEIS JOURNAL, 55, 2150 (1933). 
( 5 )  Biltz and Kiippers, Bcr., 37, 4412 (1904). 


