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ABSTRACT
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Sescuiacetals and their reduction products. - The sesquiacetals studied

in this investigation were the 2-isopropyl-4-aryl-5,5-dimethyl-6-hydroxy-1,3-
dioxanes, which were prepared by the base-catalyzed reaction of isobutyral-
dehyde with aromatic aldehydes, such as benzaldehyde, cuminaldehyde, and
p-tert-butylbenzaldehyde.

These compounds were dissolved in alcohol and hydrogenated at low pressure
in the presence of Raney nickel, and gave high yields of 2,2-dimethyl-l-aryl-
1,3-propanediols. It was found that the presence of a small amount of acetic
acid and elevated temperatures (60-800) were necessary to achieve a practical
rate of hydrogenation., Under these conditions the initial acid-catalyzed
equilibrium, normally temperature dependent, between the sesquiacetals and
their aldols, the 2,2-dimethyl-3-aryl-3-hydroxypropanals, was involved in the
hydrogenation process.

A highly efficient and convenient synthesis for 2,2-dimethyl-3-aryl-l-
propanols was developed by the palladium-catalyzed hydrogenation of the 1,3~
diols., The hydrogenations were carried out in ethyl alcohol at the temper-
ature and pressure cited for tlie cesquiacetal hydrogenations, and gave near
quantitative yields of crystalline, low-melting alcohols. Two of the
alcohols, 2,2-dimethyl-3-(QriSOpropylphenyl)-1-propanol and 2,2-dimethyl-3-

(Egtert-butylphenyl)-1-propanol, were prepared for the first time.

Addition reactions of isobutenylbenzens. - The addition of hydrogen

bromide to isobutenylbenzene was found to yield only one product, l-phenyl-2-
methyl-2-bromopropane, whether the reaction was carried out in the presence or
absence of peroxides and oxygen. The ionic addition of hydrogen bromide is

particularly interesting from the standpoint of carbonium ion theory, for the
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tertiary benzyldimethylcarbonium ion mist be formed preferentially to the
secondary phenylisopropylcarbonium ion to account for the addition product.
This is the reverse order of stability usually assigned to carbonium ions.
The free radical addition of hydrogen bromide also gave the same product
obtained by the ionic addition of hydrogen bromide to isobutenylbenzene.

Formeldehyde was added to isobutenylbenzene as in a Prins reaction, and
the product obtained, 5,5-dimethyl-4-phenyl-1,3-dioxane, supported the course
of ionjc addition established with hydrogen bromide.

In this investigation a new method of vreparation of isobutenylbenzene
was developed, which eliminated the formation of isomeric by-products, chiefly
3~phenyl-2-methylpropene, that are common to existing metheds. The procedure
involved the dehydration of l-phenyl-2-methyl-2-propanol with cold, 80%

sulfuric acid and gave 80-85% yields of essentially pure isobutenylbenzene.

Reactions of cyclopentanediones. - The reaction of n-amylmegnesium

chloride with 3-methyl-l,2-cyclopentanedione, which exists as an enol, was
studied as a possible synthesis of dihydro-jasmone (2-amyl-3-methylcyclopent-
2-en-l-one). The tertiary alcohol formed underwent dehydration to yield a

binary mixture of exo and endo unsaturated products. Hydrogenation of this

mixture over a palladium catalyst gave a single compound, 2-n-amyl-5-methyl-
cyclopentanone, instead of the expected tetrahydro-jasmone. The structure of
the starting material, reported to be 5-methylcyclopent-2-en-2-o0l-l-one when
this investigation was begun, was shown to be incorrect. The true structure,
3.methylcyclopent-2-en-2-0l-l-one, was subsequently established by both infra-
red and nuclear magnetic resonance spectra, which were in comolete harmony

with the new structure proposed.
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1,3-Cyclopentanedione was synthesized in this investigation for alkyl-
ation studies with n-amyl bromide and with 2-pentynl bromide. The carbon-
alkylation products from these reactions would be valuable as intermediates in
the synthesis of dihydro-jasmone and cis-jasmone (2-amylidene-3-methylcyclo-
pent-2-en-l-one). The alkylation with n-amyl bromide, however, gave only the
oxygen-alkylation product, 3~-pentoxycyclopent-2-en-l-one. The relatively more
active halide, 2-pentynl bromide, gave only & small yield of the carbon-
alkylation product, 2-(2-pentynl)-cyclopent-2-en-3-0l-l-one; the predominant
product, 3-(pent-2-ynoxy)-cyclopent-2-en-l-one, was derived from oxygen-

alkylation.

viii
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SESQUIACETALS AND THEIR REDUCTION PRODUCTS

Sesquiacetals of the general formula (I) have been utilized in this
investigation for high yield, low pressure catalytic hydrogenations leading
to 1,3-diols of the general formuls, ArCHOHC(CHB)ZCHQOH (11), and ultimately
to 2,2-dimethyl-3-aryl-l-propanols of the structure, MCHZC(CH3)20H20H (111).

The sesquiacetals investigated here are the mixed trimers resulting from

the base ceatalyzed reaction between isobutyraldehyde and an aryl aldehyde.

CHx CH CHz CH
3 /75  ArCH=0 (CH,),CHCH=0 3 ;73
Ar-?}-C-CIFO +——— (CHz),CHCE=O 3 3-2 o (CHB)ZCHE}-C-QIFO
OH H
A
(CH3 ) oCHCH=0 (01-13)201{011:0
v v
CH3 H3 CH3 CH3
.A.r-i\-c;/gnon (CH3)20HX\H\-C-/CHOH
N N/
H H
H(CHz)p H(CHz )2
I
Ia Ar = CgHg-

Ib Ar = p=(CHz)oCH-CgHg-
Ie Ar = p-(CHz)3zC-CgHy-

The first of these, 2-isopropyl-4-phenyl-5,5-dimethyl-6-hydroxy-1,3=-dioxane

(Ia), & mixed trimer of isobutyraldehyde and benzaldehyde, was isolated and
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reportedl some sixty years ago, although the correct characterization2 of
this compound as Ia was made years later. The sesquiacetals, synthesized
and hydrogenated in this investigation were: 2-isopropyl-4-phenyl-5,5«
dimethyl-6-hydroxy-1,3-dioxane (Ia),2 prepared from isobutyraldehyde and
benzaldehyde; 2-isopropyl-4-(p-isopropylphenyl)-5,5-dimethyl-6-hydroxy-1,3-
dioxane (Ib),3 prepared from isobutyreldehyde and cuminaldehyde, and 2-iso-
propy1-4-(Egtert-butylphenyl)-5,5-dimethy1-6-hydroxy-l,3-dioxane (Ic),3

the product resulting from p-tert-butylbenzaldehyde.

The method usually used in the investigation for the preperation of the
segquiacetals was that described by Spath2 in which one mole of an aryl
aldehyde and two moles of isobutyraldehyde were stirred with an aqueous,
saturated solution of potassium carbonate for 30 to 40 hours. Under these
conditions isobutyraldehyde trimerizes to form 2,4-diisopropyl-5,5-dimethyl-
6-hydroxy-1l,3-dioxane. It is likely, therefore that the polymerization of
an aryl aldehyde and isobutyraldehyde and the trimerization of isobutyralde-
hyde would result only in the equilibrium of these sesquiacetals, except for
the fact that the mixed trimers precipitate and thus drive the reactions to
completion. Each of the sesquicetals, Ia, Ib, and Ic were obtained as white
crystalline solids. The infrared spectra of these compounds showed the
expected hydroxyl (2.95 and 9.60 microns) and ether (8.90 microns) bands, ané—
were free of carbonyl absorption. Their carbon-hydrogen analyses offered

additional support for the proposed structures.

(1) M. J. Stritar, Monatsh., 20, 617 (1899).
(2) E. Spath, R. Lorenz and E. Altman, Ber., 76, 513 (1943).

(3) This laboratory,; unpublished results, J. L. E. Erickson and
G. N. Grammer. ‘
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A new procedure was developed and demonstrated for the preparation of
2-isopropyl-4-phenyl-5,5-dimethyl-6-hydroxy-1,3-dioxane (Ia) in this investi-
gation., A mixture of two moles of isobutyraldehyde and one mole of benzal-
dehyde was chilled to -150, and treated with a small amount of alcoholic
potassium hydroxide solution. An exothermic reaction ensued from which a
764 yield of Ia was formed within 20 minutes. The relatively short reaction

time maekes this procedure very attractive.

CATALYTIC HYDROGENATION

An alcoholic solution of the sesquincetal (Ia), in the presence of Raney
nickel did not take up hydrogen at room temperature or even at 80° under a
pressure of four atmospheres. The addition of a small amount of acetic acid
produced only a slow, almost imperceptible pressure drop at room temperature,
but a rapid hydrogen uptake (0.6 mole/hr.) was observed at 60-80°, The
requirement of elevated temperature and the presence of acid parallel the

4

conditions previously reported’ for the preparation of aldols from the sesqui-

acetals of aliphatic aldehydes. It seems likely that hydrogenation takes

cHs 9E3 CH; GHs K, Cli; GHs
Ar-Q=C7CH-OH 3 * hr-GH=0%CH=0 , Ar—EH-C-CHon
oL f OH Ni H
N
H(CHz)2
I II

ITa Ar = CgHg-
ITb Ar = 2-(CH3)20H-06H4-
IIc Ar = 2—(CH3)3C-CGH4-

(4) BE. Spath, R. Lorenz and E. Freund, Ber., 76, 1196 (1943).
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place only at an apprecisble rate when the concentration of the aldol is
sufficiently high. The sesquiacetals, (Ib) and (Ic), behaved in the same
manner., The catalytic hydrogenation of Ia gave 2,2-dimethyl-l-phenyl-1,3-
propanediol (IIa) in 94% yield and Ib gave an 83% yield of 2,2-dimethyl-1-
(p-isopropylphenyl)-1,3-propanediol (IIb). The new, unreported diol, 2,2~
dimethyl-l-(grtert-butylphenyl)-l,3-propanediol (IIc) was obtained in 93% yield
from Ic.

It is reported2 that Ia decomposed upon distillation at 12 mm. to yield
3-phenyl-3-hydroxy~2,2-dimethylpropionaldehyde and a quantity of benzaldehyde.
The Raney nickel catalyzed hydrogenation of Ia to yield IIa also points to the
existence of the aldol from Ia as well as to the aldols corresponding to the
sesquiacetals, (Ib) and (Ic).

Two of the 1,3-diols, (IIa) and (IIb), obtained by catalytic hydrogena-
tion, have been reported in the chemical literature., One method common to
both of their preparations was first illustrated by Swoboda and Fossek,5 who
obtained a diol, erroneously described as phenyl isopropyl ethylene glycol,
by the reaction of isobutyraldehyde, benzaldehyde and potassium hydroxide in
the molar ratio of 2:1:1, Lieben6 and later Reik7 correctly described the

product of this reaction as the 1,3-diol (IIa). Schubert8 reacted cuminal-

CgH5CE=0 + 2(CHz)pCHCH=0 + KOH—— CgH5CHOCC(CHz)CHoOH + (CHz)oCHCOOK

(5) E. Swoboda and W. Fossek, Monatsh., 11, 383 (1890).
(6) A. Lieben, Monatsh., 17, 68 (1896).
(7) R. Reik, Monaish., 18, 599 (1897).

(8) P. Schubert, Monatsh., 24, 235 (1903).
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dehyde and isobutyraldehyde in this menner to obtain IIb which was reported to
melt at 580. This investigation has shown that the pure compound, when pre-
pared either by the catalytic hydrogenation of Ib, or by Schubert's procedure,
melts at 690. Inasmich as the aforementioned investigators did not specify
yields of their products, the results obtained in this investigation, 14% for
IIa, 66% for IIb, and 50% for IIc were taken as representative of the efficiency
of this general method of preparation.

One other preparative method of low yield (41%) has been reported by
Franke end Kohn9 for the diol (IIa). Their method utilized the reaction

between phenylmagnesium bromide and formisobutyraldol.

(1) CgHsligBr
HOCH,C(CHz ) oCH=0 »  CgH5CHOHC(CH;) oCHpO0H
(2) 50 ITla

A convenient, inexpensive method of preparation of 2,2-dimethyl-3-aryl-l-
propanols (III) has not been previously reported. In a described method,
however, 2,2-dimethyl-3-phenyl-l-propanol (IIIa) has been prepared in unspeci-
fied yield by Haller and Bauer,10 who reduced the amide of 2,2-dimethyl-3-

phenylpropanoic acid with sodium and alcohol.

Ne + CpHs0H
CgHgCHyC( CHz ) ,CONH, » CgHgCH,C(CHz),CH,OH

IIIa

(9) A. Franke and M. Kohn, Monatsh., 27, 1097 (1906).

(10) A. Haller and E. Bauer, Ann. chim. (Paris), (9), 9, 16 (1918).
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In this investigation IITa was prepared by the catalytic hydrogenation of
the 1,3-diol (IIa) in excellent yield (94%) using palladium-on-charcoal as the
catalysts The conditions for the hydrogenation of IIa as well as for the diols
ITb and IIc were similar to those used for the hydrogenation of the sesqui-

acetals., Reaction temperatures were held at 70--80o and hydrogen pressures

Hp
Ar~CHOHC(CH3 ) 2CHpOH > Ar-CHoC(CHz)2CHp0H
Pda-C
II 11T
IIIa Ar = CGHS
IITb Ar = p-(CH3),CH-CgHy-

IIIc Ar = p-(CHz)3C-CgHy~

varied from 4.5 to 3 atmospheres as hydrogenation proceeded. Initielly the
pure l,3-diols were hydrogenated in anhydrous ethyl alcohol solution over a
pre-reduced palladium-on-charcoal catalyst. It was found, however, that the
1,3-diols obtained by the hydrogenation of sesquiacetals were of sufficient
purity to be used directly and without isolation from the original ethyl
alcohol solvent. Raney nickel was simply replaced with the palladium catalyst
and the hydrogenation was continued. ¥Further, the catalyst, stored as
palladium chloride-on~charcoal, ocould be used directly in the hydrogenations
without loss of yield or diminution in the rate of hydrogenation. 2,2-
Dimethyl-3=-phenyl-l-propanol (IIIa) and the hitherto unreported alcohols, 2,2=
dimethyl-3-(p-isopropylphenyl)~l-propanol (I1IIb) and 2,2-dimethyl-3-(p-tert-
butylphenyl)-l=propanol (IIIc) were obtained as low melting solids, possessing
faint, pleasant odors, Their infrared spectra were in harmony with these

structures, each exhibiting strong hydroxyl bends at approximately 2.,9% and
at 9.60 microns,
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EXPERTMENTALLL

2-Isopropyl-4-aryl-5,5-dimethyl-6-hydroxy-1,3-dioxene (I). The pro-

cedure outlined below is applicable for.the preparation of the sesquiacetals
(Ia), (Ib), end (Ic).
| A mixbture of 1 mole of a freshly distilled aryl aldehyde and 2 moles of
isobutyraldehyde was stirred vigorously ﬁith 250 ml. of a saturated, aqueous
solution of potassium carbonate at a temperature in the range of 16-20°,
Normally, within 30-40 hr., a crystalline precipitate of the product was
formed, which was subsequently dissolved by the addition of benzene. The
aqueous, alkaline layer was then drawn off and the benzene solution was washed
with water, dried over anhydrous sodium sulfate, and concentrated under
reduced pressure to ca. one third of its original volums. A sufficient
quantity of n-pentane was added to the concentrated benzens solution to im=-
part a slight, cloudy appearance, which brought about the orystallization of
the seSquiacetal, The compound may then be purified by recrystallization
from a mixture of benzene and pentane, or from methyl alcohol.

The orude product may also be dissolved in either methyl or ethyl
alcohol instead of benzene. The alcoholic solution may then be separated
from the alkaline, aqueous layer and reduced directly to yield the 1,3-diol

(II), or it may be concentrated, cooled, and the sesquiacetal (I) allowed

to orystallize.

(11) Melting points ere corrected and boiling points are uncorrected.
Microanalyses were determined by (a) Weiler and Strauss Microanalytical
Laboratories, Oxford, England and (b) Galbraith Microanalytical Laboratories
Knoxville, Tennessee. Infrared spectra were recorded on a Beckman Model
IR-5 Infrared Spectrophotometer,
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2-Isopropyl-4-phenyl-5,5-dimethyl-6-hydroxy-1,4-dioxane (Ia). A mixture
of 106 g. (1.0 mole) of benzaldehyde and 144 g. (2.0 moles) of isobutyr=
aldehyde gave, in the manner described, 202 g. (81%) of the crystalline
product (Ia), m.p. 96-970. A small sample recrystallized once from a
mixture of benzene and pentane and once from methyl alcohol melted at 97-98°
(1it.% m.p. 97-98.5°). The infrared spectrum showed characteristic bands for
OH at 2.95)1 and 9.60)1 and for C-0 at 8.90 M but no C=0 band.

In an alternate procedure developed in this investigation, the mixture
of benzaldehyde and isobutyraldehyde was brought to -150, and then with
vigorous stirring was treated with 1 g. of potassium hydroxide dissclved in
20 ml., of methyl alcohol. There was an immediate, exothermic reaction which
raised the reaction temperature to ca. 450, and upon cooling formed a solid
erystalline mass, This solid was broken up and dissolved in ether and at the
same time the catalyst wes neutralized by the dropwise addition of a 3% HCl-
methyl alcohol solution. The ethereal solution was washed with water, dried
over anhydrous sodium sulfate, and concentrated under reduced progsure., As
before, the crystallization of the product was brought about by the addition
of pentane. There wes obtained a 77% yield of Ia, m.p. 96-970.

2-Isopropyl-4-(p-isopropylphenyl)-5,5-dimethyl-6-hydroxy-1,3-dioxane

(Ib)s From the reaction of 74 g. (0.5 mole) of cuminaldehyde and 72 g. of
isobutyraldehyde there was obtained 102 g. (70%) of Ib, m.p. 100-1010. The
infrared spectrum showed strong OH and C-0O bands at 2.94uy and 8.92 p,
respectively, but no carbonyl band.

Anal, Calcd. for CygHpgOzt C, 73.93; H, 9.65; mol. wt., 292.4. Founds
¢, 74.10; H, 9.31; mol. wt. (benzene), 293.

(Ic). The reaction of 8l g. (0.5 mole) of p-tert-butylbenzaldehyde and 72 g.
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(1 mole) of isobutyraldehyde gave 140 g. (91%) of Ic, m.p. 120-121°, The
infrared spectrum showed bands at 2.93‘p.for OH and at 8.96‘p for C-0, but

no carbonyl band was observed.

Anal, Calcd. for 019H3003: C, 74.47; H, 9.87; mol. wt., 306.4 Found:

Cy 74+33; H, 9.70; mol. wt. (benzene), 317,326,

2,2-Dimethyl-l-aryl-1,3-propenediol (II), Procedure A. By the catalytic

hydrogenation of I. To each 0.1 mole of the sesquiace$al (I), dissolved in an
equal weight of warm ethyl alcohol, was added 1.5 g. of acetic acid and 5 g.
of Raney Nickel catalyst.12 The mixture was then hydrogenated in a Pasr
low-pressure apparatus at 75-80o and 3-5 atm. A hydrogenation time of 2 to

3 hr. gave an uptake of hydrogen near the theoretical amount. The catalyst
wa3 filtered off, and ethyl alcohol was distilled from the solution under
reduced pressure. There remained a'cfystalline residue of the 1,3-diol {II),
which may be purified by distillation or by recrystallization from a henzene
pentane mixture, If desired, the 1,3-diol may be left in solution after the
removal of the nickel catalyst and hydrogenated directly over a palladium
catalyst to yield the alecohol (III).

7

Procedure B.' By the reaction of the aryl aldehyde, isobutyraldehyde,

and potassium hydroxide. A mixture of isobutyraldehyde and the aryl aldehyde
in the molar ratio of 2:1 was added dropwise with Stirring to a cold solution
of 1 mole of potassium hydroxide in 375 ml. of methyl alcohol, and allowed to
stand at room temperature for 20-24 hr, Acetic acid was added to neutralize

excess potassium hydroxide and methyl alcohol was stripped from the solution

(12) No. 28 Raney nickel active catalyst, Raney Catalyst Co., Inc.,
Chattanooga, Tennessee,
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under reduced pressure until a slurry of solid residues remained. The product
was taken up in benzene, water washed, and dried over anhydrous magnesium
sulfate. Benzene was removed from the solution under reduced pressure and the

remaining crude 1,3-diol (II) was purified by the methods described in proce-

dure A.

2,2-Dimethyl-1l-phenyl-1,3-propanediol (IIa), The hydrogenation of 100 g.
(0.4 mole) of 2-isopropyl-4-phenyl-5,5-dimethyl-6-hydroxy-1,3-dioxane (Ia)
according to procedure A gave 68 g. (9¢%) of IIa, b.p. 174-175° (14 mm.),
mep. 81-82° (1it.! buv. 177° (14 mm.), m.p. 81-82° and” b.p. 178-183°
(20 mm.), m.p. 81-82°), The identical product (IIa) was obtained by the
LiAlHg reduction of Ia.

As described in procedure B, the reaction of 52 g. (0.5 mole) of
benzaldehyde, 72 g. (1 mole) of isobutyraldehyde and 28 g. (0.5 mole) of
potassium hydroxide gave 66.6 g. (74%) of IIa, m.p. 80-81°, mixed m.p. with
the hydrogenation product, 80-81°,

2,2-Dimethyl-1-(p-isopropylphenyl)-1,3~propanediol (IIb)s In the manner
described in procedure A, 58.5 g. (0.2 mole) of 2-isopropyl-4-(p-isopropyl-
phenyl)-5,5-dimethyl-6-hydroxy-1,3-dioxane (Ib) was hydrogenated to yield
37 g (83%) of IIb, bep. 165-167° (4 mm.), m.p. 69° (1it.? b.p. 181.5°
(8.5 mm.), mep. 58°)

Anal, Calcd., for 014H22023 C, 75.63; H, 9.97. Founds C, 75.42; H, 9.82.

Procedure B, which was also used by Schubert8 for the preparation of this
compound gave, by the reaction of 37 g. (0.25 mole) of cuminaldehyde, 36 g.
(0,50 mole) of isobutyraldehyde, and 14 g. (0.25 mole) of potassium hydroxide,
34 g. (61%) of IIh, m.p. 69°. A mixed m.p. with the product obteined by the

catalytic hydrogenation of Ib did not show any depression.
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2,2-Dimethyl-1-(p-tert-butylphenyl)-1,3-propanediol (IIc). The catalytic

hydrogenation of 30.6 g. (0.1 mole) of 2-isopropy1-4-(E-tert-butylphenyl)-S,5-
dimethyl-6-hydroxy-1,3-dioxane (Ic) gave 22 g. (93%) of IIc, b.p. 165-166°
(2.5 mm.), m.p. 89-90°.
Anal. Caled. for Cyg5Hpy0p: C, 76.22; H, 10.24. Found: C, 76.30; H, 10.13.
The preparation of IIc by the reaction of 41 g. (0.25 mole) of p-tert-
butylbenzaldehyde, 36 g. (0.50 mole) of isobutyraldehyde, and 14 g. (0.25 mole)
of potassium hydroxide gave 29 g. (50%) of this crystalline compound, m.p.

89-900, mixed m.p. with IIc obtained by the hydrogenation of Ic, 89-900.

2,2-Dimethyl-3-aryl-l-propenol (III). A solution of the 1,3-diol (II)

in ethyl alcohol was hydrogenated over a palladium~-on~charcoal (5% Pd)
catalystlB, which was added es palladium chloride-on-charcoal and reduced in
situ. In a typical run, 0.3 mole of III in 30-~40 ml, of ethyl alcohol was
hydrogenated in the presence of 8 g. of the PACly=C catalyst at 75-80o and

at 3~5 atm. An uptske of hydrogen which corresponded to the theoretical
smount of 0,3 mole was obtained in 3 hr, The catalyst was separated by filtra-
tion and ethyl alcohol was removed from the filtrate by distillation. The
eddition of benzene formed a solution which was wached with water, dried, and
the solvent was then removed under reduced pressure. Distillation of the
residue in a nitrogen atmosphere through a 10-inch vacuum-jacketed, packed
column gave the pure alcohol (III).

2,2-Dimethyl-3-phenyl-1-propanol (IIIa)., The hydrogenation of 54 g.

(0.3 mole) of 2,2-dimethyl-1-phenyl-1,3-propanediol (IIa) gave 48 g. of an

(13) Org. Syntheses, Coll. Vol. III, John Wiley and Sons, Inc., New
York, N. Y., 1955, p. 686,
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0il, bep. 122-123° (13 mm.), which solidified, however, only when supercooled
for several hours below its melting point, thus permitting the determination
of physical constants at 250. The solid in the form of fine needles, m.p. 320,
was redistilled in a nitrogen atmosphere through a 1l0-inch vacuum-jacketed,
packed column and yielded 46 g. (94%) of IIIa, b.p. 101.2-102° (4 mm.),

m.p. 32-33%, 02’ 1.5138, dis 0.9710, MR 50,92 (calod. 50.92), (1it.° b.p.
125-126° (14.5 mn.), m.p. 34-35°). The infrared spectrum wes characterized
by the following bands: 2.97 s, 3.30 m, 3.4l 8, 6.23 m, 6.31 w, 6,70 m,

6.80 s, 6.90 8, 7-21 m, 7.32 m, 7,52 my 7.82 m, 8.86 m, 8,85 w, 9.31 m,

9.62 s, 10,12 m, 10.61 w, 10.97 w, 11.18 m, 11.42 w, 11,81 w, 12,80 m,

12.91 m, 13.88 s, end 14,28 s microns.

The acetate of IIIla wae prepared by heating a mixture of 26.2 g. (0.16

mole) of IIIa, 25 g. (0.24 mole) of acetic anhydride and 75 g. (0.95 mole)

of pyridine on a steam bath for two hours., Excess acetic anhydride and
pyridine were distilled from the reaction mixture and the residus wes dis-
solved in benzene and washed successively with water, 5% hydrochloric acid
solution, 5% sodium bicarbonate solution and again with water to remove
traces of pyridine. Upon removal of the benzene the residue was fractionated

to yield 29.8 g. (90%) of 2,2-dimethyl-3-phenylpropyl acetate, b.p. 108.5-

110° (4 mn.), m.p. 2°, n§5 1.4864, di5 0.9767, MR}, 60,27 (caled. 60.28),
(lzi.t.lo bep. 136° (19 mm.) )o The infrared spectra showed the characteristic

acetate bands at 5.76)1 and 8,08 p, but was entirely free of hydroxyl bands

around 2.90 Pe

2,2-Dimethyl-3-( p-isopropylphenyl)-l-propanol (IIIb). The hydrogenation

of 22,2 g. (0.10 mole) of 2,2-dimethy1-l-(p-isopropylphemrl)-l,3-propanediol

(IIb) gave 18 g. (87%) of 1IIb, b.p. 125-127° (2.5 mm.), which formed a
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crystalline solid on cooling, m.p. 360. Infrared maxima characteristic of
IIIb weres 2.97 s, 3.40 8, 6.62 m, 6,83 8, 7.05 m, 7.23 m, 7.32 m, 7.80 2,
8.50 w, 9.14 m, 9.60 8, 9.80 m, 10.13 m, 10.60 w, 11,15 w, 11.83 s, 12.14 m,
13,13 w, 13.56 w and 14.26 m microns.

Anal, Calcd. for CygHp50: C, 81,50; H, 10.75. Found: C, 81.40; H, 10.86.

2,2-Dimethyl-3-(p-tert-butylphenyl)-l-propanol (IIIc)e In the menner

described, 23.6 g. (0.1 mole) of 2,2-dimethyl-1-(p-tert-butylphenyl)-1,3-
propanediol (IIc) was hydrogenated to yield 14.1 g. (64%) of IIIc, b.p. 124~
126° (2 mm.), which solidified upon cooling to yield crystals, m.p. 46°.
The infrared spectrum of this compound wes similar to those of IIIa and IIIb,

exhibiting strong OHE bands at 2.97 p and 9,60 P

Anal, Caled. for Cq:H,,0: C, 81l.76; H, 10.98, Found: C, 81.83; H, 11.08,
15724
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Franke, A. and Kohn, M,

The Preparation of F—Glycols from Aldols by Reaction with Magnesium
Organic Compounds,

Monatsh., 27, 1097 (1906).

To an ethereal solution of phenylmagnesium bromide prepared from 15.29 g.
of magnesium and 100 g. of bromobenzene there was added 15 g. of fresh, vac-
uwum distilled formisobutyraldol. The addition compound was hydrolyzed with
dilute sulfuric acid and extracted with ether. The ether solution was weater
washed, dried and concentrated. Fractionation of the residue from this step
gave 11 g. of 2,2-dimethyl-3-phenyl-1,3-propanediol, b.p. 178-183° (20 mm.).
The distillate solidified on standing and was recrystallized from benzene
as white needles, m.p. 81.82°, Calcd. for Cy1Hyg0p: C, 73.28; H, 8.95.
Found: C, 73.34; H, 8.94.

Haller, A. and Baure, E.
Synthesis by means of Sodium Amide,
Ann. Chim. (Paris), 9, 9, 16 (1918).

The reduction of 2,2-dimethyl-3-phenylpropionamide, m.p. 62-630, with
sodium and slcohol gave 2,2-dimethyl-3-phenyl-l-propancl as a pleasant
smelling liquid, b.p. 125-126° (14,5 mm.), which crystallized to a white
needle like solid, m.p. 34-350. Calcd. for Cq1H;40: C, 80.47; H, 9.78.
Found: C, 80.40; H, 9.81,

The acetate, 2,2-dimethyl-3-phenylpropyl acetate, b.p. 136o (19 mm.),
was also prepared, Calecd. for 01351802‘ C, 75.70; H, 8.70. Found:

Cy 75.55; H, 8.87.

Lieben, A.

Glycols Obtaified by the Action of alcoholic Potassium Hydroxide on
Aldehydes.

Monatsh., 17, 68 (1896).

By a reaction of alcoholic potassium hydroxide on isobutyraldehyde as

well as on mixtures of isobutyraldehyde with other aldehydes, Swoboda and
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Fossek (Monatsh., 11, 383 (1890) ) obtained a series of glycols whose mode of
formation and structure was conceived in the following manner, analogous to

the formation of pinacol and hydrobenzoin.
2 (CHz),CHCH=0 + Hy ———> (CH3)-20HCHOHCHOHCH(CH3)2

In contrast to this mode of formation, earlier work by Lieben and Zeisel
had shown that aldehydes containing a methylene group bound directly to the
aldehyde group unite in the following way. It was thus proposed that

2 CH3CHp-CH=0e— CH;—CHggH—CH(CH3 )~ CH=0 —> CHz~CHp—CH=C(CHz }~CH=0
H

isobutyraldehyde also condenses through the methylene group adjacent to the
aldehyde group giving rise to an aldol that cannot lose water. This aldol in
turn absorbs hydrogen to form the glycol.

Reik, R.

The Glycol formed from Isobutyraldehyde and Benzaldehyde and Its Reaction
with Sulfuric Acid.

Monatsh., 18, 599 (1897).

A freezing cold solution of two moles of isobutyraldehyde and one mole of
benzaldehyde was added dropwise to a 7% solution of potassium hydroxide in
alcohol. The reaction was allowed to proceed until the odor of isobutyral-
dehyde had disappeared at which time the excess potassium hydroxide was neufra—
lized with acetic acid and the alcohol solvent was removed on a steam bath.
Water was then added to liberate the product from traces of alcohol, followed
by extraction with ether. After removal of the ether the sample was dried by
heating at 100° under reduced pressure for several hours, Distillation of the
material gave 2,2-dimethyl-l-phenyl-1l,3-propanediol as a viscous liquid,

b.p. 177o (14 mm.), which solidified on standing end was recrystallized from
benzene to yield a white, crystalline materiasl, m.p. 81—820. Calcd., for

C1qH140,t C, 73.33; H, 8.88. Found: C, 72.98; H, 8.91,
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A sample of the glycol, m.p. 81-82°, oxidized with 8% potassium permen-
ganate solution gave, besides benzoic acid and acetic acid, a product identi-
fied as isopropylphenyl ketone. The isolation of this ketone indicated &
primary, secondary glycol structure for the compound.

A 50 g. sample of the glycol was steem distilled with a twenty fold
quantity of 14% sulfuric acid and gave 43 g. of raw oil. Fractionation of
the o0il gave two major products. The lower boiling fraction was identified
as P,P-dimethylstyrene, b.p. 182-1850, obtained in a 19 g. yield. Calecd.
for CyoHy5t G, 90.90; H, 9.09. Found: C, 90.48; H, 9.05. The P,p-dimethyl-
styrene was characterized by oxidation with potassium permanganate, where
benzoic acid and acetic acid were isolated as the products of oxidation. The
B,B-dimethylstyrene added bromine without liberation of hydrogen bromide to
give the dibromide, b.p. 150-153° (17 mm.). Caled. for C10H1pBrot  Br, 54.79.
Found: Br, 54.45. The second major fraction, also obtained in a 19 g. yield,
was identified es the formal of the glycol, b.p. 135° (15 mm.), m.p. 39°.
Calcd, for C12H1602‘ ¢, 75.00; H, 8.33. Tound: C, 74.68; H, 8.05. The
identity of the formal was established by comparison with an identical formal
obtained by the direct condensation of formaldehyde with the glycol.

It was concluded that formaldehyde was eliminated from the glycol under
the influence of dilute sulfuric acid leaving isopropylphenylcarbinol which in
turn lost water to form P,y-dimethylstyrene. The liberated formaldehyde then
united with unchanged glycol to give the formal.

Schubert, F.

The Preparation of the Glycol from Isobutyraldehyde and Cuminaldehyde and
Its Behavior with Dilute Sulfuric Acid.

Monatsh., 24, 235 (1903).

The glycol was prepared in a manner analogous to that used by Reik
(Monatsh., 18, 599 (1903) ) for the preparation of the glycol obtained from
benzaldehyde and isobutyraldehyde. In this procedure, a mixture of two moles
of isobutyraeldehyde and one mole of cuminaldehyde was added dropwise with

cooling to a 7% alcoholic solution of potassium hydroxide. The reaction
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mixture was allowed to stand 12 hours, followed by refluxing for 1 hour and
then neutralization with acetic acid. The product was isolated by boiling
off the alcohol solvent, adding water, and then extracting with ether. The
ether solution was evaporated and the residue distilled to give 2,2-dimethyl-
1-(p-isopropylphenyl)-1,3-propanediol, b.p. 210° (22 mm.), b.p. 193°

(15.5 mm.), bep. 190° (13 mm.), b.p. 181.5° (8.5 mm.), m.p. 58°, Caled. for
Cq4Hp00: C, 75.60; H, 10.00, Found:s C, 75.62; H, 9.95.

The diacetate, b.p. 182° (10.5 mm.), was prepared by heating the glycol
for 4 hours with acetic anhydride. Caled. for 018H2604‘ c, 70.60; H, 8.50.
Found: C, 70.70; H, 8.40.

A 1% g. sample of the glycol was refluxed 4 hours with a 20 fold
quantity of 14% sulfuric acid. The reaction mixture was extracted with ether
and distilled to give two major fractions. The lower boiling fraction,
obtained in & 6 g. yield, was identified a p-isopropylisobutenylbenzene,

b.p. 105-106° (10 ma.). Calecd. for CysHjgt C, 89.70; H, 10.30. Founds

C, £9.80; H, 10.40. There was obtained in the higher boiling fraction 2 g.
of material identified as the formal of the glycol, b.p., 153-157° (10 mm.).
An identical formal was obtained by the direct condensation of formaldehyde
with the glycol. Caled. for CygHpp0p: C, 77.28; H, 9.48. Found: C, 77.80;
H, 9.30. The reaction mechanism proposed for the decomposition of the glycol
in the presence of dilute sulfuric acid was identical with that proposed by
Reik,7 i.e., the glycol eliminated formaldehyde leaving (E-isopropylphenyl)
isopropylcarbinol, which in turn lost water to form p-isopropyl-isobutenyl-

benzene., The formaldehyde then combined with unchanged glycol to yield a
formal.

Spath, E., Lorenz, R, and Altmen, E.

Derivatives of Aldol and Crotonaldehyde. VII. The Stritar Condensation
Product from Isobutyraldehyde and Benzaldehyde.
Ber., 76, 513 (1943).

A mixture of 72 g. of isobutyraldehyde, 53 g. of benzaldehyde and 135 ml.
of saturated potassium carbonate solution was shaken for 30 hours at 170.

The crystalline mass which formed was tasken up in ether, the solution filtered,
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and the ether was removed under reduced pressure. There was obtained 118.5
g. (95%) of a white, crystalline product which, after two recrystallizatiohs
from petroleum ether, melted at 97~98.5°. The properties of this substance
correspond to 2-isopropyl-4-phenyl-5,5-dimethyl-6-hydroxy-1,3~dioxane. Calcd.
for C15Hp05t C; 71.97; H, 8.86., Found: C, 72.07; H, 8.50,

This compound formed an acetate, b.p. 145-150° (1 mm.), and a benzoate,
M. P 1300. Upon oxidation with potassium permanganate in pyridine, it
yielded a small amount of o(,o(-dimethyl-P-phemrlpropionic acid, m.p. 136.50.

Distillation of the dioxane at 12 mm. gave o(,o(-dimethylupwhydroxyupu
aldol thus formed yielded a dimer, m.p. 143-1440, which could be made to
again yield the aldol by distillation at 1 mm.

Spath, E., Lorenz, R. and Freund, E,
Derivatives of Aldol and of Crotonaldehyde. XI. Aliphatic Aldols.
Ber., 76, 1196-1208 (1943).

The base-catalyzed condensations of propionaldehyde, butyraldehyde, and
isobutyraldehyde were effected by stirring the aldehyde with saturated
potassium carbonate solution. The dioxanes thus prepared gave the phenyl-
hydrazine; formed steble acetates upon treatment with acetic anhydride; and
yielded the corresponding aldehyde and aldol when distilled repeatedly in the
presance of adipic acid.

Stritar, M. J.

A Condensation Product from Isobutyraldehyde and Benzaldehyde,
Monatsh., 20, 617 (1899).

A mixture of equal molar portions of isobutyraldehyde and benzaldehyde
was shaken with an equal volume of saturated potassium carbonate solution for
‘about 36 hours and yielded a solid condensation product. The compound was
dissolved in henzene, washed with water, dried over calcium chloride and con-

centrated under reduced pressure over paraffin. The yield was about 75%.
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By careful recrystallization from aqueous acetic acid, the product was
obtained as fine needles, m.p. 94°. It analyzed for 015H2203 and had a mole-
cular weight corresponding to a product formed from two moles of isobutyral-
dehyde and one mole of benzaldehyde.

The condensation product was partially converted into benzaldehyde and
isobutyraldehyde by distillation at reduced pressure in the presence of 10%
sulfuric acid. When it was heated with dilute potassium hydroxide solution,
the odor of benzaldehyde was apparent.

Attempts to establish the presence of a free aldehyde group by the pre-
paration of an oxime were unsuccessful, for there was obtained only a
quantity of isobutyraldehyde and a mixture of the oximes of benzaldehyde and
isobutyraldehyde. The condensation product yielded a phenylhydrazone, m.p.
1170, which corresponds in analysis to the phenylhydrazone of an aldol,
formed from one mole of isobutyraldehyde and one mole of benzaldehyde.

Permanganate oxidation of the unknown condensation product gave a mix-
ture of benzoic acid, isobutyric acid, and a small amount of @(,-dimethyl-
p-hydroxy-p-phenylprOpionic acid, m.p. 1350, which was identified by conver-
sion to its silver barium salts,

The unidentified condensation product was believed to be one in which a
second molecule of isobutyraldehyde was loosely bound in some way to the

aldol formed from benzaldehyde and isobutyraldehyde.

Swoboda, E. and Fossek, W.

The Investigation of Glycols Derived from Isobutyraldehyde.
Monatsh., 11, 383 (1890).

A condensation reaction was carried out using two moles of isobutyral-
dehyde and one mole of benzaldehyde dissolved in s 13.5% alcoholic solution
of potassiwn hydroxide. The roaction was maintained below 40° and was
allowed to run until the odor of isobutyraldehyde had vanished from the re-
action mixture. The alcohol solvent was removed on a steam bath, leaving an
0oily residue which was extracted with ether. After evaporation of the ether

the residue was distilled to give a viscous liquid, b.p. 286-287°, which
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golidified to a white, crystalline mass, m.p. 81-82°, The material was
agssigned the structure of phenyl isopropyl ethylene glycol. Calcd. for
C11H1g0ot €y 73.33; H, 9.09. Founds C, 73.17; H, 8.88.

The glycol, when heated with acetic anhydride for 18 hours at 200° gave
the diacetate, b.p. 295-297°, m.p. 55°.
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ADDITION REACTIONS OF ISOBUTENYLBENZENE

It is known thet addition of hydrogen bromide to styrenel’2 and propenyl-
benzene1 results in the normal Markovnikov addition products, l-bromoethyl-
benzene and l-bromopropylbenzene, respectively. If the reaction takes place
in the presence of peroxides, however, the addition of hydrogen bromide to
styrene yields predominantly the abnormal addition product, 2-bromoethyl-
benzene,1 whereas propenylbenzene5 reportedly forms the normal addition
product, l-bromopropylbenzene. The addition of hydrogen bromide to iso-
butenylbenzene has not been previously investigated, although Hall, Pyke, and
Wright4 added hydrogen chloride to this compound and obtained l-phenyl-2-

methyl-2-chloropropane.

CgHgCR=C(CH3) 06H50H2?(CH5)2 CGHS%}HCH(CH)z)z
Br Br
I 11 I1a

It was shown in this investigation that hydrogen bromide adds to iso~
butenylbenzene (I) to give exclusively the normal addition product, l-phenyl-

2-methyl-2-bromopropane (II) regardless of whether the reaction takes place in

21) C. Walling, M. S. Kharasch and F. R, Mayc, J. Am, Chem. Soc., 61,
2693 (1939).

(2) M. S. Malinovskii and A, A. Yavcrovskii, Ukrain, Khim, Zhur., 21,
240 (1955). Chem. Abstracts, 50, 9313 (1956).

(3) F. R. Mayo and C. Welling, Chem. Rev., 27, 351 (1940).

%4) R. H. Hall, R. G. Pyke, and G. F. Wright, J. Am. Chem. Soc., T4,
1597 (1952).
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the presence or absence of oxygen and peroxides. That the ionic addition of
hydrogen bromide to I should yield the bromide (II), rather than the isomer,
1-phenyl-2-methyl-1-bromopropane (IIa), is difficult to reconcile. Usually
the predominant product in the addition of an unsymmetrical reagent to an
olefin can be predicted on the basis, that ths first step in the reaction will
take place in the way that yields the more stable carbonium ion. The
carbonium ions that may be formed with isobutenylbenzene are the tertiary ion
(Ia) and the benzyl ion (Ib). Although both ions are exceptionally stable,
the benzyl ion (Ib) is generally considered to be the more stable one, and
should be preferentially formed to yield IIa. The formation of IIa, however,
was not detected.

It is instructive to compare the resonance structures that contribute
to the stability of Ia end Ib. The comparison is made difficult because two
different types of resonance are involved. Discounting resonance structures

that are common to both ions, it is seen that Ia is stabilized by eight

i CH3 i CH

CH3
e@-CHQ-m «-—»@CH-C «— @-CHQ-C <«— 6 more
Pis | O3
oo —=
1 CHs CH3
NS \ / CH-CH «——»@-cu:c H«—»@:CH-CH «——2 more

hyperconjugation structures and that Ib is stabilized by one hyperconjugation
and three ring resonance structures. On the basis of numbers alone the ion
Ia, and hence the bromide IT is justified. It is generally recognized

though that ring resonance structures contribute more to the stability of the
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ion than hyperconjugation. For example, propenylbenzene, with one less
p-methyl group that I, has an equal number of resonance structures for its

two possible carbonium iong., On this basis a mixture of products might be
expected for the reaction of this olefin with hydrogen halides. Only one
product, l-bromopropylbenzene, has been isolated for the reaction of propenyl-
benzene with hydrogen bromide,1 and with hydrogen chloride,s’s only l-chloro-
propylbenzene is formed. Since these products correspond to the formation of
an intermediate benzyl carbonium ion, it is concluded that resonance in the
ring (3 structures) is superior to hyperconjugation (3 structures) for the
stabilization of the carbonium ions.

For isobutenylbenzene the preponderance of seven hyperconjugation
structures compared to three resonance structures of the ring, apparently
favors the ion (Ia).

The resonence stabilization of the free radical should be much the same
as for the carbonium ion., The addition of hydrogen bromide to isobutenyl-
benzene might be expected, under peroxide catalysis, to give the tertiary
radical (Ic), end yield the anti-Markovnikov product, 1l-phenyl-2-methyl-l-
bromopropane (IIa). The product obtained, however, was the normal product II,
This product, it is noted, is the predicted one on the basis of presently
accepted theory, which normally considers the benzyl radical (Ic) to be more
stable than the tertiary radical (Id).

An exemination of the resonance stabilizing structures of the radical

(Ic), which would lead to the bromide (II), reveals three resonance structures

( §5) S. P, lLagerev and A, A, Shamshurin, J. Gen. Chem., (USSR), 9, 199
1939). .

(6) R. R, Park and G, F. Wright, J. Am. Chem. Soc., 76, 3036 (1954).
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