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g-isomers give identically quantitative yields of
the same compound. In the 4-methoxy com-
pounds, the yields are neither quantitative nor
equal, but apparently, judging from the spectra
obtained, the other products are not hydroxy-
methoxyazobenzenes. Probably side reactions oc-
curring at different rates complicate the reaction.
The findings thus seem to confirm the Russian
workers proposed mechanism involving a three-
membered ring intermediate.”

The most unexpected finding is that, whereas
the oxygen atom migrates to the free p-position
in both the 4-bromo- and 4-methoxy compounds,
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it migrates to an o-position (in the unsubstituted
ring) in the 4-methyl compound. This is even
more surprising since the electronic effect of the
methyl group is generally considered intermediate
between the bromo and methoxy groups. XNo
explanation for this surprising finding can be
offered at this time. It is conceivable that minor
differences in reaction conditions give rise to the
observed differences in behavior. This possibility,
however, is extremely unlikely because the re-
actions are so clean, giving no indication that
mixtures are obtained. The question is being
investigated further.
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The basicities of sixteen 4-, 4’- and 4,4 -substituted azoxybenzenes were determined. The effect of substituents on the
hasicities of these compounds and the structure of the conjugate acid of azoxybenzenes are discussed.

Although a tremendous amount of work has
been concerned with the structure and stereo-
chemistry of the azoxy group,® particularly in
azoxybenzene and its derivatives, little is known
about the physico-chemical behavior of this
group. In connection with studies in this Labora-
tory of the base strengths of azobenzene deriva-
tives* and of other weak nitrogen bases and their
N-oxides,® we have now undertaken an investiga-
tion of the base strengths of azoxybenzene and
substituted azoxybenzenes, about which no previ-
ous work has been reported. The pK.'s of the
conjugate acids of the parent compound, four
symmetrically disubstituted, nine monosubstituted
and two unsynunetrically disubstituted deriva-
tives were determined by a standard spectrophoto-
utetric method® in 209, ethanolic solution of sul-
furic acid.*

Experimental

Compounds.— All thie azoxvbenzenes under investigation
are 4-, 4’-mono- aud 4,4’-disubstituted compounds, which
were prepared by oxidation of the appropriate azobenzene
derivatives.” The azobenzenes, in turi, were prepared by
condensation of anilines and nitrosobenzenes.® The anilines
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were commercially available; the nitroso compounds were
prepared by reduction and oxidation from nitro compounds.®
Oxidation of the azo compounds, in general, produces mix-
tures of - and B-azoxybenzenes, which were separated by
chromatography on columns of alumina. The compounds
were repeatedly recrystallized, usually from aqueous alcohol,
until melting points were unchanged and agreed with litera-
ture values. The compounds and their melting points are
listed in Table I.

Spectrophotometric and Acidity Measurements,—The
methods used were substantially the same as those previ-
ously described.* The spectra of the various compounds,
in neutral and acid solution, were recorded using a Cary
model 11 spectrophotometer. Titration curves at selected
wave lengths (e vs. Ho) were determined using a Beckman
model DU quartz spectrophotometer. Although at the
wave lengths used in the work on azo compounds, water
was found to be adequate as material in reference cells, at
the wave lengths used in the present work, particularly
below 250 mgy, preliminary work showed that it was es-
sential to have solutions having the same water—sulfuric
acid-ethanol ratio in the reference cell as in the sample
compartment. Consequently, reference solutions were
prepared just like sample solutions, omitting the azoxy
compound.

Preparation of Solutions.—Solutions (5 X 1075 M) of
the azoxy compounds in a solvent consisting of 209, ethanol
and 809, sulfuric acid-water mixture of various composition
were required for the determination of the titration curves.
In the preparation of such solutions, considerable heat is
obviously evolved. In our previous work with azo com-
pounds we had found that reproducible results could be
obtained by mixing precooled 10~* M stock solutions of the
substrate with precooled and premixed water-sulfuric acid
mixtures in an ice-bath, provided the process was performed
slowly. Similar mixing of azoxybenzene stock solutions with
sulfuric acid-water mixtures invariably led to solutions con-
taining various amounts of hydroxyazo compounds, formed
by the Wallach rearrangement,’® when the sulfuric acid iu
the aqueous component exceeded about 509,. Thus oc-
currence of the Wallach rearrangement could not be pre-
veuted by cooling to lower temperatures or by slowing down
additions, and is believed to be due to local heating at the
point where a drop of one solution first comes in contact with
the other. The technique of using a single stock solution
was considered highly desirable because it ensures constant

(9) G. H. Coleman, C, M. McCoskey and F. A, Stuart, in*‘Organic
Syntheses,” Coll. Vol, III, John Wiley and Sons, Inc.,, New York,
N. Y., 1955, p. 668.

(10) O. Wallach, Ber., 18, 525 (1880).
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TasLE I
THE MELTING POINTS OF SUBSTITUTED AZOXYBENZENES®

0
x4y
_{“\ v
)

M.p., °C. M.p., °C.

X Yo {obsd.) ( 1t) Ref.
H H 36 36 k
CH;, CH, 71-72 70.5-71.5 b
Cl cl 154-155 155 e
Br Br 175-176 175 4
OCH, OCH 117-118 117.4-118.5  °
H CH;, 46~48 46 4
CH, H 65 65 4
Cl H 62-63 62 ]
H Br 73-73.5 73 3
Br H 02-92.5 92 3
H OCH® 66.5-67.5 =
OCH, HY 42-43 v
H OC.H, 72 72 3
H NO; 152-153 153 3
CH, Br 114 112 4
Br CH, 122-123 :

e All compounds are frans isomers. ? E, Bamberger,
Ber ., 59, 427 (1926). £XK. Heumann, ¢bid., 5, 911 (1872).
44, Werxge Ann., 165, 198 (1873). ¢ A. Prins, Z. physik.
Chem., 67, 720 (1909)‘ /' D. Bigiavi and V. Sabatelli,
Gazs. chim. ital., 87, 537 (1927). ¢ All compounds were
recrystallized from aqueous EtOH except where otherwise
noted. * Recrystallized from ligroin-EtOH. ¢ Recrystal-
lized from ligroin. 7 V. O. Lukashevich, Compt. rend. acad.
sci. U.R.S.S., 21, 376 (1938); C. A., 33, 3769 (1939).
kEA. Angeli, Am Acrad Lincei, 191, 793(1910), 221, 132
(1913). ¥ The stereochemistry of theie two compounds
was assigned by comparison of their ultraviolet spectra
with those of L. Szegt, Ber., 61, 2090 (1928), who had not

reported melting points. 2A4nal. Caled.: C, 6840; H,
5:30; N, 12.28. Found: C, 68.0; H, 5.3; N, 12.6.
v Anal. Caled.: C, 68.40; H, 5:30; N, 12.28. Found:
C, 68.4; H, 52; N, 12.4. ¢ Anal. Caled.: C, 53.62; H,

3.81; N, 8.63. Found: C, 52.7; H, 8.7; N, 9.1. The
stereochemistry of this compound follows from the fact that
the ultraviolet spectruni characterizes it as a frans-azoxy
fompound, and that the other isomer (X = CH;, ¥ = Br) is
known.

substrate councentration in all solutions, and hience was felt
essential. A successive ml\mg schenie was finally evolved,
in whicli precooled portions of successively more concen-
trated sulfuric acid-water mixtures were successively added
to 10 ml. of a precooled 10~¢ } stock solution of the azoxy
compound in 959% ethanol in a 50-ml. volunietric flask.
Four steps were generally used, aud all solutions were kept
cold in a Dry Ice-acetone-bath. Only before the last addi-
tion, bringing the solution to final volume, was the solution
brouglit to 25° in a constant temperature batli. Table II
shows the steps used in this dilution process; the first columu
gives the nominal H,SO, concentration, 7.e., the approximate
H,S804 concentration in the aqueous portion of the solvent.
Under eacl: of the four steps are tlien listed the volume and
the composition of the aqueous sulfuric acid used in vol. %,.
The solutions were brought to the mark with sulfuric acid
of the nominal concentration. This stepwise procedure was
successful in preventing the Wallach rearrangement.
The final acid concentrations obtained were determined
by density measurements.

Results and Discussion

The pK.'s of the conjugate acids of all the
azoxybenzenes investigated are listed in Table
ITI. Inspection of the table immediately shows
that electron-releasing substituents generally in-
crease, electron-withdrawing substituents decrease
the base strength of azoxybenzenes, as expected.
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TaBLE 11
STEPWISE PROCEDURE OF THE PREPARATION OF SOLUTION
Nomi-
nal
final 1st 2nd 3rd 4th
“HET S % mL % mb % mb %
40 5 30 5 40 20 40 9 45
60 3 30 5 50 9 60 18 70
70 3 30 5 Y 9 70 18 80
80 5 30 5 70 9 80 18 93
90 5 40 5 80 9 100 18 100

Quantitative treatment of these substituent ef-
fects can be achieved through the “Hammett
equation” in a variety of ways. The most ob-
vious procedure is to apply the Hammett equation
separately to the series of 4-substituted,!? and to
the series of 4’-substituted compounds. These
treatments would use, repectively, the equations

log (Kxc/Koo) = 0xPx (1)
log (Koy/&Koo) = oypy (2)

where Koo, Kxo and Koy represent, respectively,
the equilibrium constants for azoxybenzene, its
4-X and 4’-Y derivatives. The question then
arises which type of o-value, the normal ¢, oF
or ¢—, would be appropriate. Examination of
resonance structures of azoxybenzene and its
conjugate acid immediately shows that no low
energy structures can be written in which a positive
charge can be mesomerically shifted into either
the 4- or 4’-substituent. and no negative charge
can be shifted into the 4-substituent. Hence the
normal o-value must be appropriate for X. On
the other hand, the resonance III <= IV is likely
to be important in the free base, and the resonance
V <> VI, because of the increased number of

0
N—©~Y = Ty =T

111 v

charges and the proximity of two positive charges,
should be muclh less important in the conjugate
acid. But this change in relative importance of
structures like IV and VI between iree base and

coujugate acid is just the condition for applicubility
of ¢~ constants, and heuce these constants seem
appropriate for use for Y. Unfortunately ouly one
compound, the 4’-nitro derivative, is capable of

(11) Reference 6, Chapter 7; H. H. Jaffé, Chem. Reuvs., 63, 191
(1953).
(12) For purposes of this discussion, we number azoxybenzene as
3_2 o
L
4 N o g
\\ -IO
5 8 N It
[
and call a general substituent in the 4-position X, in the 4’-position V,
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TabLE III
THE pK’s OF AZOXYBENZENES
X = MeO X = Me X=H X =Cl X = Br
—pK —-pK - pK —pK —pK
Y oyt ox —0.268 —0.170 0 0.227 0.232

MeO —0.268 5.23 =0.03 6.10 = 0.04
EtO — .250 6.04 = .03
Me - 170 5.47 = 0.05 6.04 = .03 6.90 &= .03
H .000 6.15 &= .04 6.16 = .04 6.45 = .05 6.96 = .05 6.94 = .03
Cl .227 7.69 = .03
Br .232 6.95 = .04 7.01 £ .04 7.77 = .03
NO: 1.270 9.83 = .07

giving information on this point, and the pK
of this compound confirms the appropriateness of

oc—-constants for the Y-substituents. Hence eq.
2 should be rewritten
log (Koy/Kao) = oy~ py (2%)

The lack of further compounds capable of testing
the applicability of o ~-values is in part predicated
by the fact that most substituents for which ¢ and
o~ differ are themselves basic centers (e.g., COOH
and COR) of about the same basity as the azoxy
group itself, or are unstable in acidic solution
(e.g., CN and COOR, which may be hydrolyzed).
Also, compounds with these strongly electron-
withdrawing substituents tend to be very weak
bases and were avoided because the very strongly
acidic solutions required in these cases produced
considerable experimental difficulties, as discussed
under preparation of solutions. Some additional
cases are now under investigation.

Examination of Table IIT shows that there is a
number of other series permitting application of the
simple Hammett equation. These series are
those in which either X remains fixed (CHj or
Br) while Y is varied, or Y remains fixed (again
CH; or Br) while X is varied. This corresponds,
respectively, to vertical and horizontal rows of
Table III. If K,y is the equilibrium constant for
the 4-X-4'-Y-derivative, eq. 1 and 2 can be
generalized to

log (Kxy/Koy) = oxpl (1)
log (Kxy/Kzo) = oyp} (2"

where pY is the reaction constant which measures
the effect on the equilibrium of varying X with Y
constant, and conversely p measures the effect
of varying Y with X remaining fixed. Admittedly
the application of the Hammett equation to series
of three compounds leaves much to be desired,
but this is the best that can be done with the avail-
able data. The application of eq. 1'' and 2/
to the data of Table III is shown in Table IV
and in Fig. 1. Examination of these results
shows that differences between the various pZ
and p; appear to occur; they appear to parallel
roughly the o-values of ¥ and X, respectively,
and in this way are similar to the corresponding
o-values in the azobenzene derivatives.®® How-
ever, the experimental material available at this
time is insufficient to demonstrate unequivocally
this conclusion; the standard deviations of the
p-values are so large that the observed differences,
generally, are not significant. Examination of
Table IV also shows that differences between
px and p} are small, except for X and Y = H.

This fact is at first surprising since the substituent
Y is at a greater distance from the presumed
basic center, the O-atom, than X. The explana-
tion probably lies in the greater importance of
resonance effects from Y, and one might speculate
that a separation of inductive and resonance ef-
fects, following Taft,'® would lead to an inequality
pri > prj, which is balanced by an inequality of
resonance effects in the opposite direction.
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Fig. 1.—Plot of —pK’s vs. o.

A more unified treatment of substituent effects
in all the azoxy compounds now seems desirable.
A number of possibilities suggest themselves.
The simplest is suggested by our inability to
find large differences between the various pf and
p5. Assuming all of these values equal leads to

log (ny/-K-oo) = (Ux + UY—)P (3)
The results obtained by application of eq. 3 are

included in Table IV, and are seen to represent
the data with good accuracy.

TABLE IV

REACTION CONSTANTS FOR THE DISSOCIATION OF THE CON-
JUGATE ACIDS OF SUBSTITUTED AZOXYBENZENES

~——Equation l——— —~—-Equation 2w——-
- = X

= v = - =  Egq

H CHs B H CHs Br 3
s 2.508 2.868 2.247 1.735 2.857 2.113 2.481
r 0.995 0.997 0.924 0.984 0.999 0.932 0.999
s .050 .014 .260  .083 .020 .233  .166
10 .038 .036 .912  .182 .07l .816  .099
log K° 8.57 6.12 7.16 6.53 6.06 7.11  6.57
” ] 3 3 5 3 3 16

It had previously been found that p-values are
frequently independent of substituents in the side
chain.'®  This statement is equivalent to saying
that all the pf of eq. 1" are equal, since this equa-

(13) R. W. Taft, Jr., “Steric Effects in Organic Chemistry,” John
Wiley and Sons, Inc.,, New York, N, V., 19586,
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tion considers —N(O)==NCsH,Y-p as the side
chain, and similarly that all the pj are equal, and
implies the equation
log (Kxy/Koo) = oxpx+ oy py (4)

Application of eq. 4 leads to py = 246 = 0.12,
px = 2.25 = (.26, R = 0.988, s = 0.169 with n =
16. TIuspection shows that px aud p, are 1ot
significantly different, and hence there appears
little to recommend eq. 4 over eq. 3. However a
much more sensitive test can be devised, based on
the analysis of variance.!* This procedure is
particularly attractive here because replicate
determinations are available, and provide an
independent estimate of error, so that it is not
necessary to use the deviations from the best
equation as this estimate, as was done in previous
work. 4

For each of the compounds at least three de-
terminations of the pK were available at each of
two wave lengths, representing substantially the
major absorption bands of the free base and of the
conjugate acid. Only for the 4-nitro compound,
data had been obtained at only one wave length,
and an appropriate adjustment for the missing
data was made. Where more than three replicate
data were available for a given compound and
wave length, three were selected at random. In
this way, a table of 92 determinations was con-
structed. Of the total of 95 degrees of freedom,
3 were sacrificed because of missing data, 15
represented compound differences, one the wave
length differences, and 14 the compound-wave
length interactions. The remaining 62 degrees of
freedom are directly ascribable to experimental
error. The fifteen degrees of freedom for com-
pound differences can be broken up in several
ways: 2 due to the regression expressed by eq.
4 and 13 for deviations from this regression; or
one due to the regression of eq. 3 and 14 for the
deviations from eq. 3. The one degree of freedom
which is the difference between eq. 4 and 3 repre-
sents the improvement obtained by use of the
more complicated equation.

The results of the analysis are given in Table V.
Surprisingly, the difference between the two wave
lengths is significant, although only barely and
only at the 959, level; encouragingly, the wave

length compound interactions are completely
TABLE V
ANALYSIS OF VARIANCE OF pK VALUES OF AZOXYBENZENE
Sum of Mean
Source D.f. squares squares Fa
Total 92 100.58935  ..... P
Between wave length 1 0.01126 0.01126 4.83%*
Between compounds 15 100.39995 6.69330 2872%*
Due to eq. 4 2 98.04616 49.02308 >1000%*
Due toeq. 3 1 97.96146 97.96146 >1000**
Improvement eq. 4 over
eq. 3 1 0.08470  0.08470 36.4%%
Devn, from eq. 4 13 2.35379 .18106 T7. 7%k
Wave lengths and cmpds.
interaction 14 0.03344 .00223 1
Error 62 0.14470 .00233

s Significance at the 959 level is indicated by one asterisk,
at the 999 level by two.

(14) H. H. Jaffé, J. Org. Chem., 28, 874 (1958},
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without significance. As expected, the compound
differences are highly significant, accounting for
well over 999, of the total variance. Again as
expected, but gratifying to be confirmed, some 98%,
of the variance is accounted for by the regression,
using either of the equations. The approximate na-
ture of the Hammett equation is confirmed by the
high siguificance of the deviations from even the best
equation. Finally, however, the improvement of eq.
4 over eq. 3 is seen to be significant, even at the 999,
level; still it accounts for less than 0.19 of the
total variance. Thus, one may conclude that eq.
4 is superior to eq. 3, but not greatly superior.

A final treatment of the data suggests itself,
based on the above observaion that the p} seemed
to parallel oy and the p}, o, and the consequent
need for an interaction term as emphasized by
Miller.® Thisleads to the equation

log (ny/Koo) = oxpx + oy py + Tx0y " Pxy (5)

Inclusion of the last term was tested in the analysis
of variance procedure; now three degrees of free-
dom are represented by eq. 5, and the difference to
the two d.f. for eq. 4 measures the improvement,
which was found to be completely non-significant.
However, it remains possible that with a greatly
expanded body of data, even the last term of eq.
5 could become significant.

It finally remains to inquire where the proton in
the conjugate acids of azoxybenzene is bound.
The two most likely structures for the conjugate
acid appear to be VII and VIII. Although both
VIIa and VIIIb are structures not involving sepa-
ration of charge, it would appear that the energy
of VIITb should be high, because the two rings
are conjugated only through high energy struc-
tures. Compounds VIITa and ¢, with adjacent
positive charges, obviously have very high energy
and hence are unlikely to make an appreciable

OH
Oy~ O
AN + TN\

0 e

Vila VIIb
o~ O
(O N
+ N\ L “— N
Ni N
/ /
H H
VIIIa VIIIb
O o~
/ . /
N — <:>:+N\
O
/ /
H

H
VIIId

contribution to the ground state. VIIId might
stabilize VIII to about the same extent as one of
the two structures VIIb stabilizes VII. Thus
it seems likely that VII represents the structure of
the conjugate acid, as assumed above. This con-

Vilic

(15) S. 1. Miller and P. X. Yonan, J. Am. Chem. Soc., 79, 5931
(1957); S. I. Miller, bid., 81, 101 (1959).
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clusion is consistent with the interpretations of
the substituent effects given above and with the
spectroscopic data to be reported elsewhere, al-
though neither of these is capable of making a dis-
tinction between VII and VIII.

The difference in basicities of pyridine and its
N-oxide is compared in Table VI with the dif-
ference between azobenzene and azoxybenzene,
the latter of which may well be considered as an
N-oxide of azobenzene. Inboth series the N-oxides
are weaker bases by nearly the same amounts.
This observation seems to suggest that the struc-
ture of the conjugate acids of the N-oxides is
quite similar, and there seems to be no reason
to doubt that the conjugate acid of pyridine N-oxide
is N-hydroxypyridinium ion.!® Consequently it

ALKYLATION OF ISOBUTANE WITH BUTENES
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TaBLE VI

CoMPARISON OF pK BETWEEN PYRIDINE, AND ITS N-OXIDE,
AND Az0O- AND AZOXYBENZENE

F oo
S O,
N

X Difference
H 5.29 -2.90° 8.19
OH 0.7 —-6.45 7.24
Difference 4.50 3.55

¢ In H,O; ¢f. ref. 16, 5b. * In 20% EtOH. ¢ Ref.

¢b

seems safe to conclude that azoxybenzenes are
protonated at the oxygen atom.

(16) H. H. Jaffé, J. Am. Chem. Soc., 79, 4445 (1955).
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Ionic Reactions Occurring During Sulfuric Acid Catalyzed Alkylation. I.

Alkylation

of Isobutane with Butenes

By J. E. HOFMANN AND A. SCHRIESHEIM
RECEIVED AUcusT 18, 1961

The sulfuric acid catalyzed alkylation between isobutane and butene-1, butene-2 and isobutylene was studied in continu-

ous flow equipment.
carbon distribution.

Product analyses were obtained as a function of time, and profound changes were found in hydro-
Initially, yields were low, but selectivity to trimethylpentanes was high.
intermediate period of increasing yield but markedly reduced selectivity to trimethyvlpentanes.

This was followed by an
Finally, equilibrium ex-

perimental conditions were reached. Selectivity to trimethylpentane was again high and yields approached the theoretical.
The results are interpreted by assuming the buildup of an isobutane solutizer or active hydride transfer agent in the acid

phase,

Introduction

The acid catalyzed alkylation of olefins with iso-
paraffins was first described by Ipatieff.! This
reaction is induced by a wide variety of catalysts,
and it has been comprehensively reviewed by Ken-
nedy? and Schmerling.® A careful study of the
literature, however, shows that there is very little
specific information concerning the role of the cat-
alyst. Thus, it has been generally accepted that in
protonic acids, as sulfuric, the olefin is protonated
(step 1) to yield a carbonium ion that undergoes a

/ N/
c—¢ + HY —> H-C—Co (1)
AN VAN

N4 N,/
H—C~—C® + {.CHy—> H—C—CH + +.CHs® (2)
7N N

N S N/
t-CiHyp + C=C —» +.CH—C—C&  (3)
/N 7N

N/
t-CH—C—C® + 4-CHig —>
/X

|
+-CH® + t-CH, ——iC—C*H (4)
I

hydride exchange reaction*? (step 2) with a mole-

(1) V. N. Ipatieff, ‘“‘Catalytic Reactions of High Pressures and
Temperatures,” The Macmillan Co., New York, N. Y., 1936, pp.
673-701.,

(2) R. M. Kennedy, ‘“Catalysts,” Vcl. 6, Reinhold Publ. Corp.,
New York, N, Y., 1958, pp. 141,

(3) L. Schmerling, ‘““The Chemistry of Petroleum Hydrocarbouns,”
Vol. 3, Reinhold Publ. Corp., New York, N, Y., 1955, pp. 363-408,

cule of isobutane to generate the #-butyl cation.
This cation then reacts with more olefin to form the
alkylate ion (step 3), which may then undergo a
second hydride transfer reaction to regenerate the
chain-carrying {-butyl ion and produce the alkylate
molecule.

In a classic series of papers, Beeck, ¢f al.,® showed
that hydride transfer does, indeed, occur on the
tertiary C-H bond of isobutane. The results of
these investigations when coupled with previous
research?? tended to support the assumption that
the acid serves merely to initiate the reaction by
protonation of the olefin and to provide an ionic
media for the reaction to take place. Certain in-
consistencies in this interpretation developed dur-
ing our general research program on acid catalysis,’

(4) P. D. Bartlett, F. E. Condon and A. Schneider, J. Am. Chem,
Soc.. 66, 1531 (1944).

(5) N.C. Deno, H. J. Petetson and G. S. Saines, Chem. Revs,, €0, No.
1, 7 (1960).

(6) O. Beeck, J. W. Otvos, D. P. Stevenson and C. D. Wagner,
J. Chem. Phys., 17, 418 (1949); J. Am. Chem. Soc., T3, 3741 (1951);
T4, 3299 (1952).

(7) G. M. Kramer and A, Schriesheim, J. Phys. Chem., 66, in press
(1962). TUnpublished work from this Laboratory by Dr. G. M.
Kramer indicated rather clearly that alkylate is not formed when fresh
sulfuric acid is contacted with isobutane and isobutylene for short con-
tact times. This work was carried out by mixing hydrocarbon and
fresh acid in a mixing tee and then rapidly quenching the emulsion
with caustic. Amnalysis of the low boiling fraction indicated complete
conversion of the olefin but no significant quantity of higher boiling
saturated hydrocarbons could be found. A small yield of 2,4,4-
trimethylpentene-1 was detected and also a fairly large amount of un-
saturated material boiling in the Cj2 and higher range was formed.
Clearly, this was the result of olefin dimer and trimerization with no
significant amount of hydride transfer between isobutane and the
higher molecular weight ionic fragments,



