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° The values in parentheses are from experiments carried out by Method B. AU other experiments were carried out by 

Method A. b These analyses were performed by Mr. George Stragand of the University of Pittsburgh Microanalytical 
Laboratory. * Refluxed eight hours. In this experiment, since a crystalline copper salt could not be obtained, the prod­
uct was isolated by distillation. In addition to the /3-diketone, there was obtained 2.2 g. (8.5%) of benzamide, m. p. 
130 °, and a considerable non-distillable boiler residue which may have consisted of self-condensed 2-acetylthiophene. 

reaction mixture is refluxed two hours. However, 
when the reflux time is increased to eight hours, 
the yield is increased to 61%. 

Experimental 
The Use of Sodium Amide as the Condensing Agent.— 

The apparatus used in these reactions consisted of a 1000-
ml., three-necked, round-bottomed flask equipped with 
ground-glass joints, a mercury-sealed stirrer, a reflux con­
denser, and an addition funnel (protected from atmos­
pheric moisture by a drying tube filled with Drierite). 
The reactions were carried out in a well-ventilated hood. 
Using a method previously described,4 0.4 mole (9.2 g.) 
of sodium metal was converted to sodium amide and the 
amide was then suspended in 300 ml. of absolute ether. 
To the rapidly stirred suspension of the sodium amide, 
0.2 mole (Method A) or 0.4 mole (Method B) of 2-
acetylthiophene, dissolved in 50 ml. of absolute ether, 
was added. Four tenths of a mole (Method A) or 0.2 
mole (Method B) of the appropriate ester dissolved in 50 
ml. of absolute ether was then added and the reaction 
mixture was then stirred and refluxed for two hours on a 
water-bath. The reaction mixture was poured onto a 
mixture of ice and 125 ml. of concentrated hydrochloric 

acid, and then was extracted several times with ether. 
The combined ethereal solutions were dried over Drierite 
and the ether distilled. The /3-diketones were isolated by 
the copper salt method which has been described previ­
ously.4'69 A sample of each (3-diketone was analyzed. 
The yields of the 0-diketones are given in Table I. 

The Use of Lithium Amide as the Condensing Agent.— 
Four-tenths of a mole (9.2 g.) of commercially available 
lithium amide was used in each of these experiments and 
the reactions were carried out as described above with 
sodium amide. 

Summary 

The acylation of 2-acetylthiophene with a series 
of esters has been studied in the presence of sodium 
amide and lithium amide. 

Two methods for synthesizing these /3-diketones 
are described. 

Sodium amide is superior to lithium amide for 
the acylation of 2-acetylthiophene with the esters 
used in the present investigation. 
PITTSBURGH, PA. RECEIVED APRIL 16, 1948 
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The Dehydration of Isopropyl-f-butylcarbinol1 

B Y J. A. DIXON, N. C. COOK AND F. C. WHITMORE 

As a portion of the research on the dehydration 
of aliphatic alcohols being conducted at The 
Pennsylvania State College, a group of carbinols 
containing the neopentyl system has been investi­
gated.2 Isopropyl-2-butylcarbinol contains such 
a structure and in 1932 Whitmore and Houk3 pub­
lished a preliminary report on its dehydration. 
Although they reported only the isolation and 
identification of 2,4,4-trimethyl-l-pentene, they 

(1) Paper X X on dehydration of alcohols. For paper X I X see 
Whitmore, Rowland, Wrenn and Kilmer, T H I S JOURNAL, 64, 2970 
(1942). 

(2) Whitmore, el at., ibid., 54, 4011 (1932); 55, 1119 (1933); 55, 
1528 (1933); 55, 3721 (1933); 55, 3732 (1933); 55, 4153 (1933). 

(3) Whitmore and Houk, ibid., 54, 3714 (1932). 

suggested that 2,4,4-trimethyl-2-pentene, 2,3,4-tri-
methyl-1-pentene, 2,3,4-trimethyl-2-pentene and 
3-methyl-2-isopropyl-l-butene might be present 
in the complex mixture of dehydration product. 
Houk4 later reported that upon ozonolysis of the 
distillation fractions, he obtained fragments whose 
precursors should have been the two 2,4,4-tri-
methylpentenes and the two 2,3,4-trimethylpen-
tenes. 

In the present study the alcohol was dehydrated 
over alumina at 340-375°. The olefins found and 
their amounts are shown in Table I. 

(4) A. L. Houk, Ph.D. Thesis, The Pennsylvania State College, 
1933. 
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TABLE I 

I 
II 
III 
IHa 
IV 
V 

Olefins 

2,4,4-Trimethyl-2-pentene 
2,4,4-Trimethyl-l-pentene 
2,3,4-Trimethyl-l-pentene 
2,3,4-Trimethyl-2-pentene 
3-Methyl-2-isopropyl-l-butene 
3,3,4-Trimethyl-l-pentene 

Per­
centage0 

24 
24 
29 
18 
3 
2 

° Percentages found corrected to 100%. 

For the analysis of the product from the dehy­
dration of the carbinol, the following procedure 
was followed. The olefins were fractionated 
through a column having eighty theoretical plates. 
Two olefins were separated, 2,4,4-trimethyl-l-pen-
tene at the beginning of the distillation and 2,3,4-
trimethyl-2-pentene at the end of the distillation. 
The boiling point vs. per cent, distilled and the re­
fractive index vs. per cent, distilled curves indi­
cated that the intermediate fractions which repre­
sented 85% of the charge, were not simple mix­
tures of the two olefins isolated. Raman spectra 
was the tool used to analyze these intermediate 
fractions.6 The eight trimethylpentenes and two 
butenes, 3-methyl-2-isopropyl-l-butene and 3,3-
dimethyl-2-ethyl-l-butene, were prepared6 and 
their Raman spectrograms made.7 The inter­
mediate fractions from the distillation of the ole­
fins were combined and spectrograms of the 
samples were obtained. By comparison of the 
spectrograms of the knowns with those of the un­
knowns, the presence or absence of the known 
compounds was determined. Since the intensity 
scale is linear and the intensity of the lines (on the 
spectrogram), suitable for analytical purposes, is 
simply determined by measuring their height, the 
concentration of a component may be readily de­
termined. 

Raman 
sample 

A 

B 

C 

D 

E 

F 

Distilla­
tion 
frac­
tions 
1-8 
9-20 

21-29 

30-36 

37-45 

46-53 

54-61 

62-67 
° Corrected t 

S 
chg. 
5.1 

16.3 

16.8 

11.8 

14.1 

12.4 

11.3 

12.1 

o 100% 

TABLE II 

Head 
temp., 

0C. 
100-100 
100-102 

102-104 

104-105 

105.5-106 

106-106.5 

107-115 

115-115 

Olefins 
present 

II 
I 
II 
IV 
I 
II 
IV 
I 
III 
V 
I 
III 
V 
I 
III 
III 
IHa 
Il ia 

% 
of 

sample0 

.. 
24.5 
63.0 
12.5 
45.9 
50.6 

3.5 
71.4 
10.6 
18.0 
21.0 
78.0 
Trace 

8 
92 
47 
53 

% 
of 

chg. 
5.1 
4.1 

10.1 
2.1 
7.7 
0.6 
0.6 
8.4 
1.3 
2.1 
3 .0 

11.0 

1.0 
11.4 
5.3 
6.0 

12.1 

(5) Rank and Wiegand, J. Opt. Soc. Am., 86, 325 (1946). 
(6) A report on the preparation and properties of the octenes will 

appear from this Laboratory in the near future. 
(7) Fcnike, et «1„ Anal. Chem., 1», 700 (1947). 

The distribution of the olefins in the distillation 
fractions is shown in Table II. Fractions 1-8 and 
62-67 contained only one component, 2,4,4-tri-
methyl-1-pentene and 2,3,4-trimethyl-2-pentene, 
respectively. The remaining fractions were com­
bined to form the six samples as previously noted. 
Examination of Table II reveals two important 
reasons for fractional distillation of the dehydra­
tion product before obtaining the spectrograms. 
First, there are no more than three components in 
any one of the samples and a Raman analysis of 
aliphatic monoolefins is less satisfactory, as the 
number of components is increased. Second, the 
olefins present in small amounts (2 or 3%) have 
been considerably concentrated, thus materially 
aiding in their identification. 

The formation of the six olefins may be con­
sidered to take place as indicated in the following 
diagram and discussion.8 

- O H - C OH 
C—C—C—C—C 

Al2O8 C C 

C—C—C—C—C 
C C (2) 

A \ 

:H ' 

-H + C 
— > C - C - C - C = C (II) 

C C 

-H"1 

C + - H 
-> C—C—C—C—C 

C C(I) 
J.:Me~ 

\ 

> C - C - C = C - C 
C C 

C—C—C—C—C -
C C C (3) 

: I I ~ 

C—C—C—C—C 
C C C (4) 

J,:Me~ 

C—C—C—C—C 
C C (5) 

-H + 

— > C= =C—C—C—C 
C C C 

(D 

(HI) 

C - C = C - C - C (HIa) 
C C C 

C - C -
Il c 
C 

-C (IV) 

-H-< 
-> C-

C 
-C-
C 

-C=C (V) 

The oxygen of the alcohol coordinates with a 
proton from the catalyst to form an oxonium com­
pound. This then dissociates to yield water and 
the carbonium ion (1). The electronically de­
ficient ion may satisfy itself by attracting an elec­
tron pair, (a) without its proton from the adjacent 
tertiary carbon. At least two forces are at work 
here, the attraction of the C + for the electron pair 
and the attraction of the catalytic surface (or 
medium) for the proton. This gives (I), the only 
unrearranged octene obtainable from this alcohol. 

(b) With its proton to form carbonium ion (2), 
(8) Whitmore, THIS JOOKNAL, M, 3274 (1932). 
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which by loss of a proton from the adjacent methy­
lene group gives (I) or from one of the adjacent 
methyl groups gives (II). These two olefins are 
the diisobutylenes, which are obtained in a 1:4 
ratio by dimerizing isobutylene,9 and dehydrating 
2,4,4-trimethyl-2-pentanol.1 The latter processes 
go through carbonium ion (2).10>2 Thus, the for­
mation of (I) and (II) in a 1:1 ratio indicates that 
a considerable amount of dehydration takes place 
through carbonium ion (1) without rearrangement 
through (2). 

(c) With a methyl from the (-butyl group to give 
(3) which can give olefins (III) and (Ilia) by loss 
of a proton from an adjacent methyl group or from 
the adjacent tertiary carbon. 

(d) With a methyl from the isopropyl group to 
give the carbonium ion of 3,4,4-trimethyl-2-penta-
nol, which could undergo the rearrangement of the 
tertiary : H to give the carbonium ion of 2,2,3-tri-
methyl-3-pentanol. Rearrangement of : Me from 
the /-butyl group would convert this to the car­
bonium ion of 2,3,3-trimethyl-2-pentanol. No 
indication was found of any of the four octenes ob­
tainable from these three carbonium ions. 

Returning to carbonium ion (3), it can undergo 
the rearrangement of the tertiary : H to give (4). 
This can lose a proton to form olefins (Ilia) and 
(IV). The formation of (III), (Ilia) and (IV) in 
29, 18 and 3 % yields, respectively, indicates that 
the loss of a proton by (3) is easier than its re­
arrangement. 

The rearrangement of (4) to (5) involves the 
formation of a neo carbon atom comparable to the 
conversion of pinacol to pinacolone. Carbonium 
ion (5) is formed by the migration of any one of the 
four :Me groups in (4). Olefin V, formed to the 
extent of 2%, represents the end of the long series 
of rearrangements. Rearrangement of (5) would 
give only the carbonium ions already indicated. 

We believe that the presence of 3-methyl-2-iso-
propyl-1-butene (IV) and 3,3,4-trimethyl-l-pen-
tene (V) show that any alcohol dehydration study 
where the analysis of the olefin products is based 
only on fractional distillation and ozonolysis tech­
niques is open to question. These olefins which 
were present in such small amounts and yet are of 
great significance to the work would be extremely 
difficult to identify and quantitative information 
would be almost impossible to obtain. When it is 

(9) Whitmoreand Wrenn, T H I S JOURNAL, 53, 3136(1931); Tong-
berg, Pickens, Fenske and Whitmore, ibid., 54, 3706 (1932); Whit-
more and Church, ibid., 54, 3710 (1932). 

(10) Whitmore, Ind. Eng. Chem., 26, 94 (1934). 

realized that five of the six olefins found boil within 
a range of six degrees, the improbability of clean 
separation by fractional distillation becomes ap­
parent.11 

Experimental 
2,4,4-Trimethyl-3-pentanol.—The alcohol was prepared 

from (-butylmagnesium chloride and isobutyraldehyde 
by the method of Conant and Blatt.12 Its b. p. (uncor.) 
and M20D were, respectively, 112.5° (218 mm.) and 
1.4290. 

Dehydration of 2,4,4-Trirnethyl-3-pentanol.—Four 
hundred and thirty grams (3.3 moles) was dehydrated 
over alumina at 340-375° to produce 328 g. (2.93 moles) 
of olefins, 31 g. of unreacted carbinol (0.24 mole) and 55 
g. (3.06 moles of water). This is a 95% yield of olefins 
based on unrecovered carbinol. The olefins and alcohol 
were separated from the water and dried over anhydrous 
potassium carbonate. They were then charged to a 60 
by 1.1-cm. fractionating column packed with l/tt inch 
single turn stainless steel helices. Two olefins, 2,4,4-
trimethyl-1-pentene and 2,3,4-trimethyl-2-pentene, were 
isolated. The intermediate cuts were combined to form 
six samples. Each of these samples represented 11-17% 
of the initial charge and contained no more than three 
components. The samples were then analyzed by means 
of their Raman spectra. 

Acknowledgment.—We wish to thank Dr. 
R. V. Wiegand and Dr. D. H. Rank of the 
Physics Department for the determination and 
analysis of the Raman spectra. 

Summary 
1. The alcohol 2,4,4-trimethyl-3-pentanol was 

dehydrated over alumina at 340-375°. 
2. The product was quantitatively analyzed by 

means of a Raman spectral analysis of the frac­
tionated olefins. The olefins and their percent­
ages are 2,4,4-trimethyl-l-pentene, 24; 2,4,4-tri-
methyl-2-pentene, 24; 2,3,4-trimethyl-l-pentene, 
29; 2,3,4-trimethyl-2-pentene, 18; 3,3,4-tri-
methyl-1-pentene, 2; and 3-methyl-2-isopropyl-l-
butene, 3. 

3. The mechanism for the formation of the 
olefins is discussed. 

4. It is suggested that a reliable method for the 
analysis of alcohol dehydration products consists 
of careful fractional distillation followed by spec­
tral analysis of distillation fractions. 

5. Previous alcohol dehydration studies which 
depended on distillation and ozonolysis for the 
analysis may not be reliable, especially in regard to 
the olefins which might be present in small 
amounts. 
STATE COLLEGE, PENNA. RECEIVED FEBRUARY 17, 1948 

(11) Whitmore, et al., T H I S JOURNAL, 62, 795 (1940). 
(12) Conant and Blatt, ibid., 51, 1227 (1929). 


