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A method has been found for preparing o-alkyl phenols thermally, in the absence of a catalyst. When phenol and certain
olefins are heated to about 320° under pressure for several hours, the reaction product is largely an ortho monosubstituted
phenol, Thus, isobutene yields o-t-butylphenol, 1-butene yields o-sec-butylphenol, and cyclohexene the o-cyclohexyl isomer.
Lower olefins such as ethylene and propylene yield a spectrum of products including di- and tri-substituted phenols and

phenol ethers.

A study of the uncatalyzed, thermal alkylation
of phenol with olefins to give o-alkylphenols, in
particular o-tert-butylphenol, is reported in this
paper.

o-tert-Alkylphenols have only recently been ob-
tained in appreciable yields from phenol alkylations.
They are readily isomerized by the usual alkylation
catalysts so that even if initially formed they
are largely converted to the less hindered para
derivatives. Recently, however, milder acid cata-
lysts and reaction conditions have been used to give
products containing substantial proportions of
o-tert-alkylphenols. Ortho isomer yields of 20-619,
are reported from the alkylation of phenols with
olefins in the presence of 0.69, phosphorus oxy-
chloride at 38-55°.1 Isobutene and phenol passed
over a silica-alumina catalyst at 120-200° re-
portedly give a high ratio of ortho to para t-butyl-
phenol.2?

Benzyl halides and tertiary alkyl chlorides also
give ortho alkylation of phenol under special con-
ditions. In the presence of potassium carbonate,
nuclear alkylation of phenols with «-phenylethyl
chloride gave mainly orthe substituted phenolst;
by contrast, the uncatalyzed reaction with fert-
alkyl and benzyl halides gave only para alkyl
derivatives’ Likewise, gels obtained by treating
drying oils with boron trifluoride are reported to
catalyze the ortho alkylation of phenol with fert-
butyl chloride to give monoalkylate containing
up to 679, o-tert-butylphenol.®

In contrast to fert-alkylphenols, sec-alkylphenols
obtained by catalytic alkylation of phenol often
contain substantial proportions of ortho isomers.”
Selective uncatalyzed thermal alkylation giving
o-sec-alkylphenols has also been known for some

(1) British Patent 725,873 (March 9, 1955).

(2) W. A. Schulze and C. E. Stoops, U. S. Patent 2,514,-
419 (July 20, 1954).

(3) W. C. Offutt, U. 8. Patent 2,516,152 (July 25, 1950).

(4) H. Hart and H. 8. Eleuterio, J. Am. Chem. Soc., 76,
516 (1954).

(5) H. Hart and J. H. Simons, J. Am. Chem. Soc., 71,
345 (1949).

(6) C.J. Plank and J. F. Socolofsky, U. S. Patent 2,460,-
703 (Feb. 1, 1049).

(7) C. C. Price, Org. Reactions, 3, 1 (1942).

Possible mechanisms for the reaction are discussed.

time. Skraup and Beifuss® reported 309, conversions
of phenol and p-cresol to o-cyclohexylphenols by
heating with cyclohexene at 300° for 75 hours.
Two patents issued to Skraup et al.®'® describe the
uncatalyzed alkylation of m-cresol with propylene
to give thymol. Yields of 50-60%,, based on reacted
m-cresol, were obtained after 70 hours at 370°.
Contrary to our results, Schaad!! reported that
propylene and phenol did not react in 4 hours at
300°, but that reaction did occur in the presence
of caleium acid phosphate.

Since the completion of our work, Stroh!?
et al. and Kolka et al.'* have both reported on the
aluminum phenoxide catalyzed ortho and di-ortho
alkylation of phenols. Thermal alkylation of phe-
nols with olefins containing 7-22 carbon atoms has
also been described. !

Results. Most of our alkylations were carried out
by heating olefins with phenols for 2-3 hours at
315-330° in rocking autoclaves. The 70-hour re-
action period used by Skraup et al.®~* was found
unnecessary. Glass liners were used in some initial
experiments, but were omitted later when it was
found that the reaction was apparently unaf-
fected by the 304 stainless steel reactor (189 Cr,
89, Ni, 29, Mn, 19, 8i).

Thermal alkylations of phenol with isobutene
were the most promising of those screened and,
therefore, received most attention. Table I sum-
marizes some of the experiments. The best results
show 25-349, conversions of phenol to tert-butyl-
phenol in 3 hours at 330° at 114-183 atmospheres
pressure. In these experiments, the monoalkylate
was 87-989, o-tert-hutylphenol with minor amounts
of para isomer. Yields at these conversions were
91-98%, based on phenol and 32-539, based on
isobutene. Diisobutylene and a small amount of

(8) S. Skraup and W. Beifuss, Ber., 60B, 1070 (1927).

(9) British Patent 293,753 (Sept. 6, 1928).

(10) S. Skraup, K. Schollkopf, and A. Serini, U. 8. Patent
1,886,311 (Nov. 1, 1932).

(11) R. E. Schaad, U. 8. Patent 2,371,550 (March 13,
1945).

(12) R. Stroh, R. Seydel, and W. Hahn, Angew. Chem.,
69, 699 (1957).

(13) A. J. Kolka, J. P. Napolitano, A. H. Filbey, and
G. G, Ecke, J. Org. Chem., 22, 642 (1957).

(14) British Patent 746,407 (March 14, 1956).



VOL. 23

GOLDSMITH, SCHLATTER, AND TOLAND

Lrd

{

‘uoryrIqIInbo 0938 Jut
-utswal [ousd[L)ngr-j-0 , "SISBQ $SO OU B UO PAFB[NI[E)) , "0YH0 A[UBIA , ‘Jouoyd[LInq--ip 0 0} PAWINSSE UOKJOBL] SUI0HIO( [[RWS , PISI IOUL] SSB[Y) , 'GUIO] PIYRUTIEIUOD INJNG 4,

9, ‘poeA
- (A — — & 69 2L - 9% 1¢ g ~loo ozoas%&o&
- 16 - - €6 26 L6 6 16 86 96 ‘paYIoAu0o [ousyJ
1u0 possq ,‘preIx
2% 0v¢ N — 6°¢ ¥ee 921 L9l €91 G682 e +rd % ‘parioAuc) [ousy |
9, ‘uonveiy
[ousydiing
— 998 — $G p 8716 001 £ 76 ? 4706 £°86 Ut FouIost oY)
(suaing
- ¥I°¢ — — LL0 WO 080 — 1270 61 18°1 -08I §8) 18WALOJ
- ¢l'0 — — 6¥0°0 €60°0 £€20°0 890°0 €20°0 ¥60°0 £60°0 SloueydiAng-1-1q
Zro 8G°1 N 860 99°0 PI°T 88°0 ¥L°0 gL 0 9¢°1 082 sfouaydiAyng-?
Ge'0 €L°¢ 761 06°¢ or'y 86°¢ ey 0¥ 91°¥% 6¥°¢ 06" L Jousyd
sa[oW “3onpoLJ
€'¢g 1'¢ ¢ I g AN g 9 4 g € "Iy ‘owr) uonoedy]
554 evl gL 161 SI8 L6 (A 4 89 183 a6 eTl [eut g
8L ¢81 GL 48 L8 G¢6 g g8 Gl G6 PIT oyl renuy
“wye ‘arnssaad B0,
0ge €88 8¢ (1749 12¢ $9¢ €93 (42 0eg 168 0ge [sulg
91¢ qere 4% 91¢ 91¢ 09% 892 1¢€ 0g¢ SI¢ 81¢ [entuy
‘Do ‘@anjeredway,
SISV
€20 89°¢ gL'y €Ly EL'Yy 89°¢C eL'¥y gL'y 0¥ 89°C eL'¥ ‘Ayroeden 103080y
39070 0'¢
2] ‘g ‘eurjueg-u  6F ‘O°H 1°‘0H S[eHOIEL 19U
‘Jousyd G611 I8¢ 0V 0’8 S6°IT 0’8 0’8 08 0'8 091 audMqos]
-1Lmg-z-0 0'¢ 0'¢ 06 0% 0¢ 0°¢ 0°¢ a0’s 0'¢g 0701 [ouday g
sajou ‘s3uBIBON
4 201 6 8 L 9 g 4 t 4 I "ON JuomLodxyy

SANELNGOS] A€ TONTHJ 40 NOLLVIANTY TVIWHTH J,
I HIdVL



1873

ALKYLATION OF PHENOLS

DECEMBER 1958

"JOSAIAING-F-I(T , “[0SIVAING -] p '10SOI)-0 , ‘JousydLyng-1-1p pus sjousyd£Q , Toueydifing-7 ,

2799 101 198 0%z 19 g z8 9'6¥ 0°GL % ‘sfousydiAdre 1830,
0°¢¢ $796 ¥°8% 9°81 6 ¢g ¥ 12 e 9% 8 Lb % ‘sfouayd[Ayjfeoucy
Jpowmns

-uo09 jousyqd uo paseq ‘peIx

¥1°0 Ioy30 [Ay1e [AusydiLyeiLy,
€0°0 210 10Y39 A8 [AuoydiArei(
€0°0 ¥1°0 oo 1o [Auaydi oy
89170 ¥1°0 — Joyye [Ay[e [Ausy g
— ¥0°0 910 Tousyd [ArerLy,
26070 ¥0°0 g0°0 ¢€0°0 10°0 20°0 10°0 0 JousydiLyelIq
25980 £€8°0 8z'0 20170 01°0 8¥°0 0L°0 51 [ouayd[AN[BOUO Iy
HE°€ ¥y L'y 9y 09°2 VA 67°¢ ov'g fousyg
so[owr ‘s}onporJ
0'¢ 288 29°¢ 9°¢ QLG L9°¢ (RS c'¢ "Iy ‘owr) uon0BeY
21 6 9F ¥ 269 VA g 8L 0€2 Bulg
e c0T1 1574 ¥e 89 6% 66 4 perpy
‘urye ‘aInsseIg
L18 1743 88 £ee vee cge ove 1229 Bulg
01¢ 91€ G1e Gze Gze €38 91¢ 0z¢ peryuy
‘Do ‘drnyBroduray,
Ly 89°F gL'y eLy 89°% L'y eL'v L'y s1091] ‘Kqroudes Jojovey
0°¢ ‘104 00t ¢’z ag e 0'8 01 o1 "vo
0'F ‘euonqosy  -09[® [Ling-7 ‘OUaXaYO[IA] ‘ouaInqost-i(] ‘groumue J ‘p-oudng ‘auajddor ‘oualAYan| Juede JunBA[Y
0% ‘osa)-o 0'¢ 0°¢ 0'¢ 0¢ 8L°G 0°¢ 0°'¢ joudyg
So[OWI ‘S)UBIONBIY
9¢ 14 ¥a €a 44 12 0z 61 "ON uowadxs]
SNOLLVIANTY "TVINUEH, SOOTNVTITHEOSTAT
II H1dVL



1874

high boiling product were also obtained. Lowering
the temperature slowed the isobutene polymeri-
zation more than the alkylation and increased the
yields based on isobutene to about 70%.

The suspected reversibility of the alkylation was
definitely established by starting with pure o-
tert-butylphenol (Experiment 11, Table I). Twenty-
seven per cent of the alkylphenol charged was re-
covered after 5.3 hours at 316-330°. Approximate
calculations were made assuming that equilibrium
had been reached in this experiment. The con-
versions actually obtained fall short of this limit.
Higher phenol conversions should be possible at
lower temperatures, but the rate of approach to
equilibrium drops off rapidly with decreasing
temperature.

The conversion of phenol was decreased appre-
ciably by addition of water to the reaction mix.
The amount of pare alkylation was greatest,
amounting to 479, of the tert-butylphenol isolated,
when a large amount of water was present, and
appeared to be least when the concentration of
isobutene in the liquid phase was highest.

Dilution with n-pentane essentially stopped the
reaction. The presence of a small amount of sulfur
had no apparent inhibiting effect.

Trial thermal alkylations with other reactants
are shown in Table II. These were carried out as
single experiments at 315-334° under pressures
from 34 to 248 atmospheres. Phenol alkylation oc-
curred with ethylene, propylene, 1-butene, 2-
pentene, cyclohexene, diisobutylene, and fert-
butyl alecohol. As the concentrations of the react-
ants in the liquid phase are not known, the olefin
reactivity order cannot be established from our
data. However, the results indicate that ethylene
and other olefins have reactivities of the same mag-
nitude as isobutene, rather than differing by several
powers of 10 as they do in many reactions.
Ethylene and propylene gave complex mixtures of
mono and polysubstituted phenols and phenol
ethers, while the higher olefins gave predominantly
o-monoalkylphenols and little or no ethers. Iso-
butene reacted with o-cresol to give ortho substi-
tuted product, but did not react with aniline.

Discussion. The ortho and para positions of
phenol each receive about the same activation from
the hydroxyl group. On this basis, substitution in
the nucleus should give at least one-third para
products. Steric effects would tend to increase the
proportion of pare isomer formed initially. Any
product isomerization that might occur would also
increase the proportion of para at the expense of
ortho isomer. These effects would be expected
particularly with tert-alkyl groups; but we found
that the uncatalyzed thermal alkylation of phenol
with isobutene gave o-fert-butylphenol and very
little para isomer. Therefore, the phenolic hydroxyl
group must participate directly in some way to
account for the unexpected experimental results.
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Three possible intermediates (I, IT) or transition
state (III) in the isobutene alkylation, which
involve direct participation of the hydroxyl group,
are:

hE]

_ ‘,,.o-‘.H

oc CHs ©/ uc CH3 st
/C

@ CH, CH, CH,
11

o-Alkylation is also the predominant result with
ethylene and with other olefins. Similar possible
structures can be written for these.

o-Alkylation via the alkyl phenyl ether (I) is
unlikely. tert-Butyl phenyl ether rearranges readily
on heating to give para-, not ortho-tert-butyl-
phenol.13% We found that n-butyl phenyl ether
was unaffected under our alkylation conditions.
Therefore, it is improbable that o-ethylphenol is
formed by rearrangement of ethyl phenyl ether.
Wheland® regards the evidence on mechanism of
rearrangement of alkaryl ethers as conflicting.
He favors dissociation and recombination, or, in
some cases, direct alkyl transfer to another
molecule. Neither of these processes would be ex-
pected to give selective ortho alkylation. Hart and
Simons® studied the uncatalyzed alkylation of
phenol by tert-butyl chloride and were unable to
find ethers in their products. They concluded,
therefore, that if ethers were formed this step would
have to be rate controlling. Under these circum-
stances, p-cresol should alkylate as rapidly as
phenol. Instead they found that it reacted at only
one-eighth the rate for phenol per ortho position,
as might be expected for direct nuclear alkylation.

The second intermediate shown (II) represents
complete transfer of a proton from phenol to the
olefin to form an ion pair, which, because of the low
dielectric constant of the medium, would remain
closely associated until reaction occurred. There is
not much difference between II and III where
isobutene is concerned, and either one, or both, may
be involved in this ortho alkylation. However,
primary and secondary carbonium ions which would
be required for alkylations with ethylene and other
olefins are much less stable. Therefore, a very
large difference in rate would be expected for
ortho alkylation of phenol with ethylene and iso-
butene by way of type II intermediates. Instead,
these rates are of the same order of magnitude.
With type II intermediates, ether formation would
also probably compete more effectively with alkyla-
tion than is observed.

The carbonium ion intermediate (II), however,
probably does play a more important part in ter-
tiary alkylation in high dielectric media. OQur data

(15) R. A. Smith, J. Am. Chem. Soc., 55, 3718 (1933).

(16) G. W. Wheland, Advanced Organic Chemistry,
second edition, John Wiley and Sons, New York, N. Y.,
1949, p. 555.
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for isobutene alkylation show the highest per-
centage of p-teri-butylphenol obtained in the
presence of a large amount of water. Here dissocia-
tion of the ion pair is favored, and para as well as
ortho alkylation is to be expected. A similar,
but smaller, effect is noted at high phenol concen-
trations. This may again reflect a greater ionizing
effect of the medium or possibly a greater op-
portunity for intermolecular reaction of the inter-
mediate with another phenol molecule.

A concerted process involving a transition state
of type IIT appears best able, of those considered,
to explain uncatalyzed ortho alkylation of phenols
with ethylene, isobutene, and olefins of intermediate
types. In this, alkylation and transfer of the proton
occur through a transitory six-membered ring.

Although the possible intermediates and tran-
sition state shown are pictured as formed from one
molecule of phenol and one molecule of olefin,
it is quite possible that two or more molecules of
phenol are involved in the intermediate complex.
This would result in a large effect of phenol con-
centration on rate. Our data, such as the strong
inhibiting effect of pentane dilution on the reaction
(Experiment 9, Table I) suggest that such an
affect may exist. Hart and Simons® found the un-
catalyzed alkylation of phenol with tert-butyl
chloride to be first order in alkyl halide but second
to sizth order in phenol, depending on the solvents
used.

EXPERIMENTAL

Apparatus and procedure. The thermal alkylations were
carried out in 2.7- and 4.7-liter stainless steel rocking auto-
claves. The reactors were charged at room temperature,
heated to the desired reaction temperatures, and shaking
started. At the conclusion of each run, the reactor was de-~
pressured through a wet-test-meter while holding at 38-
65°, Volatile materials remaining in the reaction mixtures
were trapped during subsequent distillation of the products.
These distillations were carried out at atmospheric pressure
using a 3-foot “zigzag’’ fractionating column.?

Materials. Baker’s c.p. phenol was used without further
purification. Isobutene was Phillips 99 mole 9%. Cyeclo-
hexene and 2-pentene were Phillips 95 mole %,. The other
olefins were of equivalent purity. tert-Butyl aleohol was
Eastman White Label, and the o-cresol, Eastman Practical
Grade.

Product analyses and material balances for isobulene
reactions. Crystalline product boiling about 183° was as-
sumed to be pure phenol. Phenol in precuts was separated
from diisobutylene by alkali extraction, and the extracts
analyzed for phenol by bromination. Transition cuts boiling
between phenol and o-tert-butylphenol were assumed to con-
tain only these components. The phenol contents were esti-
mated by bromination analyses of the aqueous phases after
treating the mixtures with aqueous sodium hydroxide and
extracting with ether to remove the less acidic o-tert-butyl-
phenol. The amounts of the latter substance were estimated
from the distillation curves. For purposes of calculation,
the small amounts of distillation residues were assumed to
be di-tert-butylphenols, although these products were not
actually isolated.

Isobutene polymers were not determined directly, They

(17) M. J. Schlatter, J. Am. Chem. Soc., 76, 4952 (1954),
footnote 26.
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were present in the phenol precuts and probably to some
extent in the transition cuts between the phenol and o-tert-
butylphenol plateaus. The weight of polymer was estimated
as the difference between the weight of total liquid product
and the weights of phenol and alkylphenols. Isobutene mate-
rial balances were obtained from measurements of the
amounts of gas recovered on depressuring the reactor, the
Dry Ice condensates from the product distillations, and the
differences in weights between the total liquid products
and the phenol charged.

Purification and properties of o-tert-butylphenol. Solution
of the o-tert-butylphenol prepared in all experiments in
Claisen’s alkali’® and extraction with mixed hexanes gave
less than 19, of neutral products, indicating that negligible
amounts of ethers and olefin polymers were present. The
basic solution was acidified, the phenol taken up in benzene,
washed, dried, and distilled at 100-mm. pressure through a
4-foot ‘‘zigzag” column. Center-cut, constant boiling, coh-
stand refractive index product was taken as pure o-fert-
butylphenol. It had the following properties: b.p. 224.6°
at 760 mm., 154.0° at 100 mm.; n%® 1.5238; d2° 0.9820;
aryloxyacetic acid derivative, m.p. 144.0-145.6°. These
values are nearly identical with those reported by Kolka
et al.'®* and Rosenwald et al.1® The infrared spectrum con-
firmed the o-alkylphenol structure. Heating the material
with a little sulfuric acid rearranged it to p-feri-butyl-
phenol, m.p. 99-100°; aryloxyacetic acid derivative m.p.
86.5°.20

Effect of time on the reaction of isobulene with phenol at
330°. A sealed glass tube containing 470 g. of phenol was
place in a 2.5-liter rocking autoclave. After adding 750 ml.
of liquid isobutene, the autoclave was heated to 330° and
the glass tube broken by starting the shaker. Liquid samples
were drawn at intervals. After removal of volatiles boiling
below phenol, weighed samples were dissolved in benzene.
The phenol was extracted with alkali and was determined
by bromination. Phenol conversion leveled off at about 309,
conversion in 1,5-2.0 hr.; half of this value was reached in
21 min,

Thermal dissociation of o-tert-butylphenol. Pure o-tert-
butylphenol was heated in a small bomb at 315-332°, The
pressure built up to 49 atm. over a period of 5 hr. and
appeared to be leveling off. This does not necessarily indi-
cate that equilibrium was attained, as polymerization of
isobutene occurs under these conditions. Analysis of the
products showed that all but 279, of the o-tert-butylphenol
charged had dissociated into phenol and isobutene.

Other thermal alkylaltions. 1. Phenol and ethylene. The total
reaction product was partitioned with Claisen’s alkali and
mixed hexanes. The resulting phenolic and neutral products
were distilled separately, and compositions were estimated
from the distillation curves. The monoalkylate (b.p. 205~
218°, 96.1 g.) was largely o-ethylphenol. This was con-
firmed by preparation of the aryloxyacetic acid derivative,
m.p. 139-139.6° (Lit. m.p. 140-141°,20 m p. p-ethyl deriva~
tive, 96-97°%),

Anal. Caled. for CyoH1,0s: C, 68.02; H, 7.27. Found:
C, 68.01, 68.06; H, 7.21, 7.19.

The diethylphenol fraction (52.7 g.) was collected from
227-231°, n%y 1.5238. This is probably 2,4-diethylphenol
(Lit. b.p. 227-230°,2! »% 1.52182%), Triethylphenols dis-

(18) Claisen’s alkali is prepared by dissolving 350 g. of
potassium hydroxide in 250 ml. of water and diluting to 1
liter with methanol.

(19) R. H. Rosenwald, J. R. Hoatson, and J. A. Chenicek,
Ind. Eng. Chem., 42, 162 (1950).

(20) E. H. Huntress and 8. P. Mulliken, Identification of
Pure Organic Compounds, (Order I), John Wiley and Sons,
New York, N. Y., 1941.

(21) K. von Auwers and W. Mauss, Ann., 460, 240
(1928).

(22) J. E. Copenhaver and E. E. Reid, J. Am. Chemn.
Soc., 49, 3157 (1927).
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tilled at about 248°. The best fraction (11.8 g.) was col-
lected from 242-249°, n% 1.5164 (Lit. b.p. 244-246°%1).

2. Phenol and propylene. Distillation of the reaction
product gave two cuts which were largely o-isopropylphenol:
(a) 19.9 g., b.p. 210-215°, n% 1.5208, (b) 43.7 g., b.p. 215~
217°, n2% 1.5267 (Lit. b.p. 214.5°, n%5 1.5263, m-isopropyl-
phenol b.p. 228°, p-isomer b.p. 228.2°).2% The aryloxyacetic
acid derivative crystallized as white fluffy needles from
mixed hexanes, m.p. 131.4-132.4° (Lit. 130° uncorr.).?

Anal. Caled. for C,;H1;0;5: C, 66.65; H, 6.72. Found: C,
66.65, 66.54; H, 6.90, 6.79.

The transition and higher boiling cuts were partitioned
between Claisen’s alkali and mixed hexanes to separate
neutral products. Distillation of the phenolic fraction gave
additional o-isomer and two di-alkylphenol cuts: (a) 6 g.,
b.p. 226-242°, n% 1.5182, (b) 13 g., b.p. 242-248°, n%
15146, These are probably mixtures of 2,4- and 2,6-diiso-
propylphenols. There was no inflection in the distillation
curve to indicate the presence of p-isopropylphenol.

Distillation of the neutral fraction gave 19 g. of isopropyl-
phenyl ether, less than 1 g. of transition cuts, 5 g. of product
distilling from 223-240°, which was mainly the isopropyl
ether of o-isopropylphenol, and 7 g. of higher boiling prod-
ucts.

3. Phenol and I-butene. The product was mainly o-s-
butylphenol. This was collected in two cuts: (a) 24.9 g,
b.p. 227.0-227.5°, n% 1.5231, (b) 17.9 g., b.p. 227.5-228°,
n%y 1.5227 (Lit. b.p. 228°).1 Infrared analysis based on a
strong band at 13.3 4 showed the product to be largely o-
alkylphenol. The structure was confirmed by preparation of
the aryloxyacetic acid derivative, m.p. 111.0-111.6° (Lit.
111°),18

(23) D. R. Stull, Ind. Eng. Chem., 39, 517 (1947).
(24) J. B, Nieder!l and E. A. Storch, J. Am. Chem. Soc.,
55, 284 (1933).
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Anal. Caled. for CiHi60;5: C, 69.21; H, 7.75. Found:
C, 69.21, 69.30; H, 7.68, 7.73.

4. Phenol and cyclohexene. After removal of phenol and
some unidentified low boiling material by distillation, the
product was partitioned with Claisen’s alkali. Distillation
of the phenolic fraction gave solid o-cyclohexylphenol, b.p.
151° at 17 mm., m.p. 55° (Lit. 55°).8

5. Phenol and diisobutylene. The product was treated as
described for the ethylene experiment. Distillation of the
phenolic fraction gave 10.7 g. of o-tert-butylphenol and 4.0 g.
of the p-isomer. It was assumed that the bottoms (5.1 g.)
were octylphenols.

6. Phenol and tert-butyl alcohol. This product was worked
up as described for the isobutene experiments.

7. Phenol and <sopropyl ether. Very little alkylation
occurred. Distillation of the product gave 4.2 g. of material,
b.p. 181-214°, 0.4 g. b.p. 214-220° and 0.5 g., b.p. 220-
230°. However, 6% of the ether decomposed during reaction
and was recovered as a mixture of propylene and propane.

8. 0-Cresol and 1sobutene. The composition of the product
was estimated from the distillation curve and by infrared
analyses of the distillation cuts. The principal phenolic
component boiling in the range of 234-242° was a 1,2,3-
trisubstituted benzene, probably 2-methyl-6-tert-butyl-
phenol. Approximately 149, of the material was a 1,2/4-
trisubstituted benzene; this was probably 2-methyl-4-tert-
butylphenol.

9. Aniline and isobutene. No reaction occurred when 47 g.
of aniline and 60 g. of isobutene were heated at 315-327°
for 3 hr.

Thermal rearrangement of phenyl n-butyl ether. This ether
was recovered unchanged after heating for 3 hr. at 315-
327°.
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Addition of Halogens and Halogen Compounds to Allylic Chlorides.
I. Addition of Hydrogen Halides!

J. REID SHELTON anp LIENG-HUANG LEE:

Received September 10, 1956

The addition of hydrogen chloride to allylic chlorides was found to be extremely difficult under the conditions employed,
except in the case of allyl chloride. 3,3-Dichloropropene isomerized instead to give 1,3:dichloropropene. 3,3,3-Trichloro-
propene isomerized to 1,1,3-trichloropropene in the presence of hydrogen chloride, with no addition observed.

The addition of hydrogen iodide to allylic chlorides was found to be accompanied by halogen exchange, reduction, and
allylic isomerization, The addition produets observed were: 2-iodo-1-chloropropane for allyl chloride, 2-iodo-1,1-dichloro-
propane for 3,3-dichloropropene, 3-iodo-1,1,1-trichloropropane for 3,3,3-trichloropropene, 1-iodo-1,3-dichloropropane for
1,3-dichloropropene, and 1-iodo-1,1,3-trichloropropane for 1,1,3-trichloropropene.

The addition of hydrogen halides to allylic
chlorides has been studied by Kharasch and co-
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workers,*=* including both allyl chloride and a tri-
chloropropene. In order to gain a better under-
standing of the mechanism of electrophilic attack
on unsaturated compounds, Swindale, Swedlund,
and Robertson® compared halogen addition to
allylic halides with halogen substitution in benzyl
halides.

Early work on the nitration of benzylic chlo-
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