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Abstract

The loss of isobutane and isobutene from a series of long-lived protonatetedt-firtylphenyl)-3-phenylpropanes bearing
two or three methyl substituents on the aromatic rings have been studied by mass-analyzed ion kinetic energy spectromet
and deuterium labelling. Both processes occur via intermediate ion/neutral complexes consistingfbtiiey| cation and
the corresponding di- or trimethyl-substituted 1,3-diphenyl-propanes, and the competition between these intracomplex protc
and hydride transfer processes is governed by the (overall) gas-phase basicity of the 1,3-diphenylpropane, on the one hand, :
by the localized activation of the benzylic C—H bonds acting as hydride donors, on the other. In addition to the benzylic
and w-methylene groupsyrtho-sited methyl substituents are also involved in the hydride transfer, in contrast to those at the
metaand para positions, and their fractional contributions to the overall isobutane loss strongly depends on the electronic
influence of the other methyl group(s) at the same ring. Regioselectivities of the intracomplex hydride abstraetighby
from thea andy or «, y andortho positions of the 1,3-diphenylpropanes have been evaluated assuming the kinetic isotope
effect k/kp that is found to operate ubiquitously in these complexes. While acting as hydride donors on their own,
ortho-methyl groups attenuate the hydride donor ability of the adjacent benzylic methylene group by steric hindrance, in
particular in the case of twofold (2,6-dimethyl) substitution. Comparison with the fragmentation behavior of the 2-methyl- and
2,6-dimethyl-substituted mononuclear tér(-butyl)ethylbenzenium ions corroborate the kinetic isotope effect and, in
particular, the activating effect of the second (“spectator”) ring on the hydride abstraction withint-@g#d «,w-
diphenylalkane] complexes. (Int J Mass Spectrom 199 (2000) 155-187) © 2000 Elsevier Science B.V.
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1. Introduction are known to undergo facile elimination of isobutane
[1,2]. This reaction channel represents an alternative
Protonated alkylbenzenes bearing tart-butyl to the two common fragmentation routes of alkylben-

group and a sufficiently activated benzylic C—H bond zenium ions, viz. elimination of the corresponding
alkene and/or release of the related alkyl cation
(Scheme 1) [3,4,5,6,7,8]. The unimolecular elimina-
biel’;g?gg:pondmg author.  E-mail:  dietmar.kuck@uni-  tion of jsobutane from simpléert-butyl-substituted
Dedicated to Professor HenrdBuard Audier on the occasion alkylbenzenium ions or the bimolecular formation
of his 60th birthday. from the corresponding alkylbenzenes and teg-
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butyl cation was first reported by Audier and his other cases including oxygenated reactants
associates in 1991 [1], who postulated the intermedi- [10,11,12].

acy of an ion/molecule complex consisting of the Among the series of related cases that demonstrate
tert-butyl cation and the neutral alkylbenzene formed the ubiquity of the isobutane elimination route in
upon dealkylation. Audier also demonstrated that the simple tert-butyl)alkylbenzenium ions, Audier et al.
hydride donating benzylic C—H bond requires some also found an intriguing case where all three of the
electronic activation by an alkyl (e.g. methyl) group in  fragmentation channels compete, but obviously in-
either the « or the para position of the toluene  volve different, noninterconverting, ion/molecule

nucleus. For example, both protonatedtertbutyl) complexes [9a]. In the ion/molecule reaction of
ethylbenzene and the complex generated fralyHg t-C,Hg ions with 4tert-butyltoluene the incoming
and para-xylene or otherpara-alkyltoluenes expel ion specifically abstracts am-hydride from the neu-
isobutane [1,9], whereas protonateddr{butyl)tolu- tral reactant, whereas it becomes equivalent with the

ene and the complex generated frarC,Hg and covalently bondedert-butyl group prior to the release
toluene do not [1]. In the same line, the “isomeric” of both isobutene anttC,Hg ions (Scheme 2)This
ion/molecule complexes containimytho- or meta is remarkable in view of the particularly low thermo-
xylene undergo isobutane loss to a much lesser extentdynamic stability of thec complexes formed upon
[9a]. Regioselective hydride abstraction in gaseous protonation of tert-butylbenzenes as compared to
ion/molecule complexes has been observed in variousisomeric alkylbenzenium ions [9b,13] and the consid-
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erable stability of the corresponding ion/molecule C“-H (i.e. the C—H) bonds by a singlgara- or
complexes {-C,Hg (alkyl)benzene] [9,14]. metamethyl group at the remote ring leads to a
In a systematic series of investigations, we adapted pronounced preference for elimination of isobutane
Audier’s findings [1] and studied the reactions of containing a hydride from theo(y) position, viz.
various tert-butyl-substituted «,w-diphenylalkanes  [C,HH")/[C,HH*] = 3.3:1 for the para isomer
and related alkylbenzenes under gas-phase protonoly{1 + H]" and [GHH)/[C,HH*] = 1.7:1 for the
sis [2,15,16]. It became evident that the heterolytic metaisomer R + H]" (Scheme 3]16b]. In contrast,
cleavage of the €"C(CH,); bond gives rise to  anortho-sited methyl group in3 + H]™, in spite of
noncovalently bonded complexes,Hg diphenyt its electronically activating influence, gave no prefer-
alkane] in which theert-butyl cation is coordinated to  ence for hydride abstraction from the remote position,
the entire diphenylalkane molecule and is free to hence suggesting that steric hindrance operates
abstract a hydride from each sufficiently reactive against hydride abstraction in this case. However, it
(benzylic) C—H donor bond of this neutral constituent, was found that th@rtho-methyl group in 8 + H] ™",
irrespective of the initial positiona( or w] of the in contrast tometa- or paramethyl, acts as an
tert-butyl group and of the length of the aliphatic additional, albeit weak, hydride donor toward the
chain [16a]. Moreover, electronic activation of the complexedtert-butyl cation [16b]. Finally, the pres-



158

(o

C. Matthias et al./International Journal of Mass Spectrometry 199 (2000) 155-187

v () e
Can
1 para-CH,
2 meta-CH,
3 ortho-CH,
y(w)

From [CsHol [CaHoH"]
ref. [16b] [C4Hg] [CHgH
1 100:0 33:1
2 35:65  1.7:1
3 87:13  1.0:1

Scheme 3. Competing fragmentation paths and regioselectivity of hydride abstraction in metastalileHdis'| [2 + H]* and B + H]*.

ence of methyl groups in ion2[+ H]" and B +

affinity of the diphenylpropane molecule; as a conse-

H]™ not only affected the hydride donor ability of the quence, hydride abstraction by thert-butyl cation
remote benzyl group but also the overall proton from the diphenylalkane was found to compete with
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the (counterdirectional) proton transfer from tiegt-
butyl cation to the diphenylalkane.

In this article, we demonstrate the effect of two or
several methyl substituents in protonated I€d-
butylphenyl)-3-phenylpropanes-11: (i) on the com-
petition between the intracomplex hydride abstraction
and intracomplex proton transfer, (ii) on the regio-
selectivity of the intracomplex hydride transfer, and
(i) on the decisive role of the second (“spectator”)
ring in ion/molecule complexes. In this context, the
hydride abstraction in the [M- H]" ions of some
simple 2-methyl- and 2,6-dimethyl-substituted
4-(tert-butyl)ethylbenzenes1@ and 14) and of the
relatedortho,ortho-dimethyl-substituted 1-(dert-bu-
tylphenyl)-3-phenylpropanes8 (and 9) will also be

159

2.2. Synthesis—General

H nuclear magnetic resonance (NMR) spectra
(300 MHz) were measured on a Bruker AM 300
instrument (CDClJ/tetramethylsilane). Mass spectra:
VG Autospec; electron impact ionization (70 eV).
Accurate mass measurements: VG Autospec; peak
matching method with perfluorokerosiu (PFK) as a
reference. Deuterium contents were evaluated from
the electron ionization (ElI) mass spectrometric data
after *°C correction. Infrared (IR) spectra: Perkin
Elmer model 841; solids were measured in KBr
pellets, liquids, and oils as films. Melting points
(uncorrected): Electrothermal melting point appara-
tus. Combustional analyses: Leco CHNS-932. All

examined. As will be shown, there is a severe steric distillations were performed using a"8u GKR 50

hindrance toward hydride abstraction in the 2,6-
dimethyl-substituted ions which, however, is attenu-

kugelrohr apparatus. Thin layer chromatography
(TLC): silica (Kieselgel 60) on aluminum foil with

ated by the presence of the spectator ring. The fluorescence indicator ,E, thickness 0.2 mm
complete set of 36 compounds examined, most having (Merck).

been synthesized for the first time, is collected in
Chart 1.

2. Experimental
2.1. Measurements

All measurements were carried out on a doubly

2.3. Synthesis of the substituted 1,3-
diphenylpropanes

The synthetic work on which the mass spectromet-
ric measurements were based followed the general
lines described in previous articles of this series
[2,16]. Since most of the target hydrocarbons as well
as the synthetic intermediates have been unknown,
experimental details and characteristic data of the new

focussing instrument, AutoSpec (Fisons, Manchester/ compounds are collected in the Appendix. Briefly, the
UK) with three-sector EBE geometry. The com- 1,3-diarylpropanes were synthesized by aldol conden-
pounds were introduced into the Cl source via the sation of the suitably substituted benzaldehydes and
septum of the direct inlet system or by using the acetophenones. Typically, both of these compounds
heatable inlet rod. Throughout, methane was used as(15-40 mmol each) were dissolved in 20—30 mL of
the reactant gas at 4 10 °-1 X 10~ % mbar (nomi methanol and aqueous potassium hydroxide (20%)
nal); the electron energy was set at 70 eV, trap current was added. The mixtures were stirred~a25 °C for

0.2 mA, accelerating voltage 8000 V, and source 12 h and the 1,3-diarylprop-1-ene-3-ones (chalcones)
temperature 160-200 °C. Fragmentation of the meta- were isolated by standard procedures (filtration of
stable ions in the third field-free region was registered solid crude products or acidification with AcOH and
by selecting the precursor ion by the magnetic field Et,O followed by extraction in the case of nonpreci-
and scanning the field of the second electrostatic pitating crude products). Purification of the chalcones
analyzer. Spectral data represent averages of at leastvas effected by recrystallization or kugelrohr distil-
ten consecutive scans and the measurements werdation, respectively. Where appropriate, deuterium
repeated on different days without significant change. labelling of aromatic rings and methyl groups was
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Chart 1 (part A)

effected before condensation, using the correspondingethanol or, where appropriate, by kugelrohr distilla-
labelled acetophenones and following established pro- tion.
cedures. Reduction of the dihydrochalcones to the corre-
Conversion of the chalcones into the correspond- sponding 1,3-diarylpropanes was performed either: (i)
ing 1,3-diarylpropane-3-ones (dihydrochalcones) was by catalytic hydrogenolysis under medium pressure,
achieved by catalytic hydrogenation of the chalcones or (ii) by chloroalane reduction. The general protocols
(10 mmol) in ethyl acetate~30 mL) at~20 °C and are given below.
1 bar in the presence of Adam’s catalyst, formed from (i) Catalytic hydrogenolysisTo a solution of the
PtQ, - xH,0 (30 mg) during the beginning of each tert-butylated 1,3-diphenylpropane-1-one (1.0 mmol),
hydrogenation. After standard workup, the dihydro- or the corresponding 1,3-diphenylprop-2-ene-1-one
chalcones were purified by recrystallization from (1.0 mmol), in glacial acetic acid (5 mL) was added
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palladium on charcoal (10%, Merck) (40 mg) and the dryness. The residue was purified by kugelrohr distil-

B8

14

Chart 1 (part B)

mixture was shaken in a Parr apparatus 4oh at lation to give the desired hydrocarbon as a colorless,
~20-25 °C under hydrogen (5 bar). The catalyst was in most cases oily, liquid in yields of 50—80%.
removed by filtration, the filtrate was diluted with (i) Chloroalane reductionA suspension of lith-

water (5 mL) and extracted three times with 10 mL ium aluminum hydride (1.0 mmol) or lithium alumi-
portions of n-hexane. The combined organic layers num deuteride (1.0 mmol) in anhydrous diethyl ether
were dried over sodium sulfate and concentrated to (5.0 mL) was cooled to 0°C and a solution of
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anhydrous aluminum trichloride (3.0 mmol) in diethyl at 20 °C under hydrogen (5 bar). Workup as described
ether (5.0 mL) was added rapidly. While cooling was above for the 1,3-diphenylpropanes followed by
maintained, a solution of theert-butylated 1,3-diphe-  kugelrohr distillation furnished the hydrocarbons as
nylpropane-1-one (1.0 mmol) in diethyl ether (5.0 colorless liquids.

mL) was added dropwise. The mixture was heated

until the conversion was completed-2 h), as mon-

itored by TLC (silica/CHCI,), then cooled to room 3. Results and discussion

temperature, hydrolysed with ice/water, and acidified

with 10 N hydrochlorid acid. After extraction of the 3.1. Competition between intracomplex hydride and
aqueous layer with diethyl ether, the combined or- proton transfer

ganic layers were dried over sodium sulfate and

concentrated to dryness. The residue was purified by  As expected, introduction of two or several methyl
kugelrohr distillation to give the desired products as groups increases the proton affinity of the diphenyl-
colorless, mostly oily, liquids (yields 60—80%). In propane neutral partner in the ion/molecule com-
several cases, the corresponding propenes, i.e. theplexes. Depending on the number and position of the
product(s) of elimination were formed as mostly substituents, loss of isobutene, in competition with
minor contaminations; in a few cases, the correspond- that of isobutane, may almost completely suppress the
ing a- and/or y-chloro-substituted diphenylpropane latter process. This is evident from the ratiogg]/
derivatives were also observed. No efforts were made [C,Hg] measured for eight different protonated di- or
to remove these contaminations since they did not trimethyl-substituted  1-(4ert-butylphenyl)-3-phe-
affect the mass-analyzed ion kinetic energy (MIKE) nylpropanes,4 + H]"—[11 + H]™ (Table 1).In all
measurements. cases, however, hydride abstraction and proton trans-

The unlabelled and the,a-dideuterated 4tért- fer represent the only fragmentation channels, besides
butyl)ethylbenzened2-14 and 12b-14b were pre- very minor formation oft-C,Hg ions m/z57, <1%
pared by standard methods from the corresponding %), as found earlier [16b].
acetophenones, similar to the procedures given above Protonated ortho,ortho’-dimethylated diphenyl-
for the 1,3-diphenylpropanes. TheD, isotopomers propane 4 + H] ", bearing a methyl group at each of
12a-14awere obtained via the related phenylethanols the aromatic rings, loses isobutene to a greater relative
and/or styrenes, outlined as follows. extent than its monomethyl-substituted analodlie-[

A suspension of lithium aluminum deuteride (500 H]" (cf. Scheme 3) [16b]. This suggests that the
mg, 11.9 mmol) in anhydrous diethyl ether (40 mL) proton affinity of the entire 1,3-diarylpropane neutral,
was stirred under argon while a solution of the rather than the individual proton affinity of one of
appropriate 4ert-butylacetophenone (43.3 mmol) in  arene rings (be it the originalliert-butylated one or
anhydrous diethyl ether (30 mL) was added dropwise. the more basic one), governs the course of the
The reaction was completed by heating (TLC control fragmentation. Irrespective of spectator-ring effects
with silica/CH,Cl,). Hydrolysis with ice/water fol [17], which may facilitate hydride abstraction (see
lowed by treatment with some sulfuric acid (2 N) and below), the enhanced basicity @fo-diphenylalkanes
standard workup gave a crude product, which was due to the presence of two cooperating aromatic rings
purified by recrystallization from ethanol or by kugel- is a well established phenomenon [18,19].
rohr distillation. In a test tube, the 1-(+t-butylphe- lons b+ H]", [6+ H]", and [ + H]" repre
nyl)-[1-D,]ethanols or 4ert-butyl-[a-D,]styrenes sent protonatedert-butylated 1,3-diphenylpropanes
(6.0 mmol each) were dissolved in glacial acetic acid bearing two methyl groups at the same ring in either
(10 mL) and 80 mg of palladium on charcoal (10%, parameta para,ortho, or orthometaposition. Hence
Merck) was added. The tube was placed in a steel all of these remote rings represent 1,2,4-trialkylben-
bomb and the mixture was magnetically stirred for 4 h zene nuclei. Nevertheless, the ratiosHiGy:[C,Hg]
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Table 1

[C,H,1d/[C,Hg] ratios for the losses of isobutane and isobutene
from the metastable [M+ H]* ions of tert-butyl-substituted 1,3-
diphenylpropanedg-11

Nsaa s EENT g >

[4 + H] 78:22

6

[6+H]* 37:63 |

[8 +H]

Neppet

[10+H] 11 89

(ref. [16D]) [5 +H]* 48 52

[7+H]* 26:74

© O
¥
Z
I
©

8:@

1+ HP

1

1:99

were found to be different, decreasing in the series
parameta > paraortho- > orthometadimethyl
(Table 1). Among all dimethyl-substituted isomers,
loss of isobutane is reduced most for protonated
1-(4+ert-butylphenyl}3-(2,6-dimethylphenyl)propane
[8 + H]", bearingtwo methyl groups in theortho
positions of they-phenyl ring. Interestingly, the ratio
[C,H,/[C,Hg] for [8 + H] ™ is identical to that of
the isomer 9 + H]*, which bears the two methyl
groups at theortho positions of thea-phenyl ring.
This finding again demonstrates that the proton trans-
fer from thetert-butyl cation occurs within an ion/
molecule complex. One of the trimethyl-substituted
analogues, protonated  1-{(@rt-butylphenyl)-3-
(2,4,5-trimethylphenyl)propanel( + H]*, exhibits

a similar extent of hydride abstraction (11%), whereas
the mesitylene-type isomet ] + H]™ with the three

163

methyl groups occupying the twartho and thepara
positions of the remote phenyl nucleus, undergoes
proton transfer almost exclusively.

Obviously, proton transfer within the complex
gives a preferable rise to those complexes, i.e.
alkylbenzenium ions, that are stabilized by electronic
effects. According to the well established additivity of
the inductive effects of alkyl groups in alkylbenze-
nium ions [3,20], the most stabte complexes of the
[M + H-C,Hg]" fragments formed from § +
H]*, [6+ H]", [7+ H]",and B + H] " (ionsa-d,
Scheme 4) should be energetically very close since, in
total, of the three alkyl substituents are sited one in
para, one inmetaand one inortho positions of the
remote ring. Thus, to a good approximation, the
proton affinities of the neutral dimethyl-substituted
1,3-diphenylpropanes formed within the complexes
should be very similar.

As a consequence, the finding that the ratios
[C,H,/[C,Hg] observed for the dimethyl-substituted
precursor ions differ must be attributed to substituent
effects on the hydride transfer reaction. lors+
H]" expel isobutane to the greatest extent most
probably because this is the only isomer in which
kinetic attenuation of the hydride abstraction cannot
take place because of the lack of methyl substituents
at ortho positions relative to the aliphatic chain.
Among the isomers that do contain sumitho-methyl
groups, thepara,ortho-dimethylated ions g + H]™*
exhibit the higher ratio [¢H,JJ/[C,Hg] as compared
to ions [7 + H]" because the hydride abstraction is
particularly strongly favored by thgara-methyl sub-
stituent (cf. ions 1 + H]™). With the protonated
diphenylpropanes bearing tvestho-methyl groups at
the same arene ring, viz8 [+ H]" and P + H] ",
hydride abstraction is strongly suppressed by steric
hindrance (see below).

An independent factor that has to be taken into
account concerns the role oftho-methyl groups in
1,3-diphenylpropanes as hydride donors, as found
earlier [16b] for the singly methylated ion3 f- H] ™.
This effect will be analyzed in detail for ion& [+
H]™, in which the metamethyl group provides a
particularly strongly activating effect on the C-H
bonds of theortho-methyl group because of their
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Scheme 4. Most stable-complexes corresponding to ions [M H — C,Hg] .

mutual 1,4-orientation at the ring. Notwithstanding,
the ortho-methyl substituents in the neutral counter-
parts of the complexes formed from ior& + H] ™,

[8 + H], and P + H]" may also act as hydride
donors during the loss of isobutane. The origin for the
overall dominance of the proton transfer channel
observed for the dimethyl-substituted precursor ions
will be discussed in the context of the regioselectivity
of the hydride abstraction.

All arguments mentioned above are also relevant
for the fragmentation behavior of the trimethyl-sub-
stituted isomers 10 + H]™ and [L1 + H]". Al-
though the remote phenyl ring of iondd + H] ™"
bears three methyl groups, the proton affinity of the
neutral counterpart to thteC,Hg ions in the complex
should scarcely differ from that of the dimethylated
diphenylpropanes [20,21]. The particular substituent

hindrance give rise to almost complete suppression of
hydride transfer, in favor of proton transfer, within the
ion/molecule complex.

3.2. Regioselectivity of intracomplex hydride
abstraction

As shown previously, the protonatdert-butyl-
substituted 1,3-diphenylpropang § H] " bearing an
ortho-methyl substituent at each of the aromatic rings
undergoes the intracomplex hydride abstraction from
the «-CH, and they-CH, groups with equal proba
bility. This follows from the identical MIKE spectra
of the [o,a-D,]- and the [,y-D,]-labelled isote
pomers of this dimethylated congener. The data, viz.
[CH.d/[C,HD] = 1.9:1 in both cases, were €x
plained by assuming the kinetic isotope effect oper-

pattern of 1,2,4,5-tetra-alkylbenzenes (Scheme 4) ating generally in this type of iork(,/kp =i = 1.6)

does not providepara-oriented alkyl substituents
(relative to the protonation site) in otherwise energet-
ically favorableo complexes such as In contrast, in
the case of the mesitylene-type isomér - H]*
both the high proton affinity of isodurene-type ben-
zenium ions such a$ (Scheme 4) and the steric

[1,2,16] and a significant hydride donor reactivity of
the two methyl groups.

The MIKE spectra of the other labelled dimethyl-
substituted precursor ions as well as those of the
trimethyl-substituted analogues exhibit characteristic
differences, reflecting the regioselectivity of the hy-
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Fig. 1. MIKE spectra of labelled i

dride abstraction from thex-CH, and the y-CH,
donor groups. As a clearcut example, the MIKE
spectra of three labelled protonated 1t¢4t-butyl-
phenyl)-3-(3,4-dimethylphenyl)propanes are repro-
duced in Fig. 1. The spectra &4 + H]" and pb +

H]™ clearly reveal that both the (originally adjacent)
a-CH, and the (originally remote)y-CH, groups
contribute to the isobutane loss. This is in accordance
with the fact that the metastable ion$ + H —
C,H;d" (g andh) formed in the Cl source eliminate
both GHg and GH,, in the secondary fragmentation
step, i.e. benzene and, most probaldytho-xylene
(Scheme 5). Sequential cyclization, interannular pro-
ton transfer, and arene elimination is an ubiquitous
fragmentation path for the [M — H]ions of diphe
nylalkanes [22]. Furthermore, the MIKE spectrum of
the isotopomer gc + H]" bearing a perdeuterated
y-toluene nucleus clearly reveals that neither the
meta-nor the paramethyl groups, nor any positions
of that ring, contribute to the hydride transfer process
in the complex formed fromg + H] ™.

This confirms the results obtained for the labelled
monomethyl-substituted congenerl + H]*, and
demonstrates thatpara- and metasited methyl
groups, even if electronically activated by other sub-
stituents on the same ring, are not involved in the
intracomplex reactions [16b]. Also, the fragmentation

226
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T+ H D T+ He
e
D CD,
[5¢ + H]+ D
—C4H8
~CyHyg
‘ 7 . . m/z
228 232 " 234 %

sotopomers of iofs{ H]*.

behavior of pc + H]™ again allows us to exclude any
proton exchange processes between the components
of the complex. Quantitative inspection of the ratios
[C,H,J/[C,HD] for ions [5a+ H]" and Ppb +
H]™, viz. 8.4:1 and 1:3.3 (Table 2), respectively,
clearly reveal the strong dominance of theCH,
group as the hydride donor. By reasonably assuming
that the same kinetic isotope effect operates at both
the « andy donor sites, we obtain a regioselectivity
Mo = [C4HH[CHHY] = 5.3 and, againk,/
kp = 1.6. The regioselectivity of hydride abstraction
inions [6 + H] ™ reflects the combined effects of the
methyl substitutents in the singly substituent ions
[1+H]" and R + H]", viz. 1, = 3.3 and 1.7,
respectively.

In contrast to the case of iond f- H]*, evalua
tion of the [GH,J/[C,HgD] ratios measured for the
other methylated BRlabelled protonated diphenylpro
panes does not allow us to unravel strictly quantitative
data on the regioselectivity. In these cases, we have
not only toassumehe kinetic isotope effect to be the
same for all donor sites but also its size. This is
because theortho-methyl substituents act as addi-
tional hydride donor sites under the influence of the
spectator ring. With this restriction, however, the
fragmentation of the labelled isotopomers of ions
[6 + H]"—[11 + H]™ reveals consistent semiquanti
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Scheme 5. Sequential losses of isobutane and arenes fronbigndd] . Only one of two possible cyclization routes involving iopgre
shown.

=

tative information, which is useful to characterize the D_-labelled di- and trimethyl-substituted isotopomers
chemistry of gaseous hydrocarbon ion/molecule com- are collected in Table 2.
plexes. The [GH,/[C,HD] ratios measured for the The spectra of ionsg[+ H]* bearing two methyl
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Table 2
Loss of isobutane isotopomers from metastable-fMH] ™ ions of a,a-
10aand5b-11b
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andv,y-D,-labelled 1-(4tert-butylphenyl)-3-phenylpropaneésa—

Substitution at they- or a-phenyl ring lona,a-D, [C,H1d/[CHD] lon v,y-D, [C,HDV[C,H1d
v-[3,4-(CHy),] [5a+ H]* 8.4:1 Bb + H]* 3.3:1
v-[2,4-(CHy),] [6a+ H]™ 8.8:1 [Bb + H] ™ 1.4:1
v-[2,5-(CH,),] [7a+ H]" 8.9:1 [7b + H]™" 1:3.6
v-[2,6-(CHy),] [8a+ H]* 4.2:1 Bb + H]* ~1:12
a-[2,6-(CH,), [9a+ H]™ ~12:1 Pb + H]* 1:4.2
v-[2,4,5-(CH,)4] [10a+ H]* =20:1 [1Ob+ H] ™" 1:2.0
v-[2,4,6-(CHy)J] [11b+ H]* <1:10

groups in thepara and ortho positions of the remote
arene ring also point to a high regioselectivity that
operates in favor of thg-CH, group. Whereas in ions
[3 + H]™ theortho-methyl group contributes-6% to
isobutane formation, we may expect a higher donor
reactivity in the case of ions6[+ H]™ due to the
inductive effect of the additionglara-methyl group.

In fact, assuming the usual kinetic isotope effect
kuy/kp = 1.6, the experimental data are consistent
with an estimated regioselectivity of,, = 4.6 for
ions [6 + H]™ and a contribution of 15% of the
overall hydride being transferred from thartho-
methyl group (Scheme 6). This follows from calcula-
tions based on Egs. (1) and (2), which relate the
measured abundance ratiosfGJ/[C ,HgD] with the
fractional contribution$; of the hydride donor sites at
the «, y and ortho-methyl positions for all the ions
under investigation. In the case of iofs H] ", the
fractional contributions are determined to hef.:

f, = 15:70:15;thus, the methyl group is involved to

Schem

about the same extent in the loss of isobutane from the
complex as is the-CH, group [23].

[CHP

( [CaHrdl )D T+ 1y )
CHDI\

( [CaHrdl ) Ti(f 4 fy) @

v,v-D2

An extended labelling study has been performed in
the case of ions7 + H]" bearing two methyl sub
stituents inortho and meta positions of the remote
arene ring and in mutuagbara orientation (i.e. at
positions 2 and 8). The MIKE spectra of the;,a-D,-
and v,y-D,-labelled isotopomers 7a + H]* and
[7b + H]™ show preponderance of the hydride trans
fer in bothcases (Table 2, Fig. 2), in sharp contrast to
the pair of isomersda + H]™ and b + H]". The
origin of this finding is attributed to a rather large
fraction of hydride being abstracted from tbetho-

[6b + H]*

g

C4H10

C,H,D

e 6.
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DD ]+ H DD T+ He
[7a + H]* [7b + H]*
-C,4Hg -C4Hg
=C4Hyg
‘C4H9D y
. T - . m/z
224 28 m/z 234 236 228
T+ He CD, |+ H+ CD, _I+H+
3 CD
[Tc +H]* [7d + HJ* [7e + H}*
~C4Hg -C,Hg -CHg
-CH
44210 —C4H10
‘C4H9D
226 228 T238 230 232 230 '
Fig. 2. MIKE spectra of labelled isotopomers of ios§ H]*.
methyl group of both7a + H]" and [fb + H]*. In exchange was found with ion/molecule complexes
fact, the investigation of the three isotopomefs {+ containing substituted neutral arenes [11]. Evaluation

H]", [7d + H]*, and [fe + H]" clearly shows that  of the data, again assuming a kinetic isotope effect
the ortho-CD, substituent is strongly involved in the k. /kp = 1.6 for all of the hydride donor sites, sug
isobutane loss, whereas theetamethyl group and gests that a contribution of-54% of the overall
the ring hydrogens are not at all. This is in full hydride transferred to theert-butyl cation originates
accordance with the behavior of ioréc[+ H]" and from the ortho-methyl group of ions [7+ H]". Cor

the CDy-labelled isotopomers of iond [+ H] " stud recting for the ratio of donor C—H bonds in a “statis-
ied previously. It may be noted here that some H/D tical” manner leads to the striking insight that the
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ortho-methyl group 7 + H]* is similarly efficient a
hydride donor as are, on the average, the two meth-
ylene groups. The regioselectivity between the two
methylene groups is,,, = 2.0, i.e. rather similar to
that found for ions2 + H]™" bearing a single methyl
group in ametaposition (.,,, = 1.7).Similar to the
case of ions§ + H] " discussed above, the combined
influence of two methyl groups in ions7 [+ H]*
appears to reflect the individual substituent effects in
the singly methylated ions, viz2[+ H]™ and B +
H]". In terms of fractional contributions of hydride
within the complex, ionsq + H] " are characterized
by the ratiosf,,:f:f, = 15:31:54.

It is obvious that, in addition of the assistance by
the spectator ring, that hydride abstraction from the
ortho-methyl group of ionsT + H] " is facilitated by
the electronic effect of the second methyl group sited
pararelative to the donor methyl group, in agreement
with Audier’s findings thatpara-xylene readily un-
dergoes hydride abstraction withC,Hg, whereas
metaxylene does not [9]. The secondary fragmenta-
tion of ions [7 + H]™, which will be discussed below,
also reflects the sites which have suffered hydride
abstraction, clearly including thertho- but not the
metamethyl group (Scheme 7).

Similar to the primary fragments formed by isobu-
tane loss from the 3,4-dimethyl isomers + H] ™,
metastable ions7[+ H — CH;4 " eliminate both
CgHg and GH,, (most probably benzene amra
xylene) but, in contrast to5[+ H] ", they also expel
C,Hg (i.e. toluene). As illustrated in Scheme 7, this
process is initiated by an attack of the primary
benzylic cationl, being formed in competition to the
secondary iong andk, at the unsubstituted phenyl
ring of ions [7 + H — CH,4 . The cyclic interme
diate(s) thus formed, e.gn, represent condensed
alkylbenzenium ions, which may undergo reciprocal
opening of the eight-membered ring after interannular
proton transfer i — n) to form ionso [3,22,24].
Subsequent to another (intramolecular) hydride trans-
fer step 6 — p), cyclization to the corresponding
protonated 1-arylindane (not shown, cf. Scheme 5)
opens the way for elimination of toluene. This mech-
anism and the highly regioselective hydride transfer
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step are nicely confirmed by the respective secondary
fragmentation of the deuterium labelled precursor
[7c + H]": In fact, ions [fc + H — C;H,J " bearing

an (originallymetasited) CD, group eliminate exchu
sively Ds-labelled toluene.

The MIKE spectra of the four Plabelledortho,
ortho-dimethylated protonated 1,3-diphenylpropanes
(Scheme 8) again reflect the pairwise identical behav-
ior with respect to the initial site of théert-butyl
group in relation to that of the position of label and the
methyl substituents, in accordance with the identical
[C,H;d/[C,Hg] branching ratio found for the unla
belled ions § + H]™ and P + H]* (see above). In
all cases, hydride transfer is by far predominant. Thus,
ions [Ba + H]" and Pb + H]™, bearing the label
adjacent to the nonmethylated ring, exhibit the ratio
[C,H,J/[C,H,D] = 4.2, whereas forions8p + H]*
and Pa + H]", with the label and the methyl sub
stituents adjacent to each other, give G/
[C,HD] =~ 12. Again, the origin of theert-butyl
cation has no effect on the fragmentation behavior
reflecting, once more, the intermediacy of an ion/
molecule complex with freely moving constituents.

Due to the steric hindrance effected by twdho
substituents, we expected the complete suppression of
the hydride (or deuteride) abstraction from the
y-methylene group. Obviously, some donor reactivity
has pertained, as will be discussed in detail below, and
the (apparent)y/a regioselectivity of the hydride
transfer is also not extremely shifted in favor of the
unhindereda position. It is evident that the two
ortho-methyl substituents act as efficient additional
hydride donors, which may also contribute to the
strong predominance of the competing proton transfer
during the fragmentation of ion8[+ H] " and P +
H]™" (Table 2). Calculations according to Egs. (1) and
(2), again assumingg/k, = 1.6 and correcting for
the presence of two methyl donor groups, yield
fractional contributions in the ratié,:f:2f, ~ 28:
12:61,that is, each of the twortho-methyl substitu-
ents exhibits nearly the same reactivity as the unhin-
dered benzylic methylene group, and the reactivity of
the sterically hindered benzylic methylene group is
much attenuatedr(,, ~ 0.4).
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Scheme 7. Sequential losses of isobutane and arenes from7iensi]* (see text).

ortho-methyl groups at the same arene nucleus with
respect to intracomplex proton transfer and hydride

The fact that, in the complex formed from ions donor reactivity, isotope effect, and the role of the
[8 + H" and P + H] ™", thet-C,Hg cation abstracts  spectator ring, we extended our investigation at this
about 12% of the hydride from the strongly shielded point to the corresponding simple alkylbenzenium
benzylic methylene group is remarkable. It suggests a ions, viz. the protonated 4gt-butyl)ethylbenzenes
strong spectator ring effect. To study the effect of two [12 + H]™, [13 + H]™, and [L4 + H]™ (Fig. 3).

3.3. Spectator ring effects
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e

[8a + HI*
( W J/ 1211 ﬁ
C4Hio C,H D C4Hyo C,HgD

[9a + H]* [9b + H]*
C.Hyo C,H,D CqHyo C,H,D
Scheme 8.

Again, loss of isobutane and/or isobutene are the complex [p-CH;CqH,(CH,)3CsHs t-C,Hg] formed
only fragmentation paths of the metastable ions, in from ions B + H]" is much more pronounced. This
analogy to the fragmentation of the protonated 1,3- is certainly because of the higher proton affinity of the
diphenylalkanes. The MIKE spectra of the unlabelled larger alkylbenzene neutral in the complex. For the
ions and of thea-D;- and a,a-D,-labelled isote “small” complex formed from 14 + H]™, however,
pomers are reproduced in Fig. 3. As already shown by isobutene loss is clearly found to be more dominant
Audier et al. [1], protonated 4€rt-butyl)ethylben- than for the “large” one formed during the fragmen-
zene 12 + H]™, without an additional methyl sub  tation of [@ + H]™ (and B + H]™) (cf. Table 1).
stituent, loses isobutane exclusively. Similarly, ions Obviously, in the latter case(s), the hydride donor
[13 + H]™", bearing a single methyl grougrtho to reactivity of the diphenylpropane neutral, and even of
the ethyl side chain, eliminate very small amounts its hindered benzylic methylene group (see above), is
(~3%) of isobutene, along with isobutane, but ions preserved to a certain degree and can effectively
[14 + H] ", bearing two methyl groupsrtho to the compete with the proton transfer in spite of the
side chain, expel isobutene almost exclusively enhanced proton affinity of the larger neutral.
(>99%). Thus, as compared to the “small” ion/ The a-D;-labelled isotopomers1Pa + H]* and
molecule complexd-CH;C¢H,C,H; t-C,Hg ] formed [13a + H]™" both lose GH,,and GHgD and directly
from ions [L3 + H]*, proton transfer in the “large”  reflect the kinetic isotope effect, vig,/k, = 1.60 +
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>(H©/\ H* H D >b52

[12 + HJ* ) [12a + H]* [12b + H}*

~C4Hyg ~C4Hyg ~C4HoD
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T
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Fig. 3. MIKE spectra of ions12 + H] ™, [13 + H]* and [14 + H]™ and of theira-D;-a,a-D,-labelled isotopomers.
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[10a + HJ*

173

DD ]+ He

[10b + HJ*

~C,4Hg

~CaHyg

\/__,\

" 238 240

m/z

242

Fig. 4. MIKE spectra of labelled isotopomers of iod®[+ H] ™.

0.05 in both cases, in agreement with the value
reported previously forl2a + H]™ [1]. Most impor
tantly, the data for ionsi8a + H]™ clearly demon
strate that the presence of a singdetho-methyl
substituent does not affect the isotope effect, a finding
that strongly corroborates the results deduced from
the data obtained for thertho-methyl-substituted
diphenylpropanes3[+ H]* and [fa + H]™, in par
ticular. In sharp contrast to the binuclear analogues,
however, theortho-methyl group in ions 13 + H]*
does not exhibit hydride donor reactivity, as follows
from the lack of GH,,loss £1%) from ions [L3b +
H]* [25].

Finally, the ortho,ortho-dimethyl-substituted eth-
ylbenzenes J4a+ H]* and [14b + H]™ eliminate

hydride exclusively from the methyl groups [26]. The
steric shielding and the lack of a spectator ring (see
below) completely suppress the formation of second-
ary benzyl cations. At the same time, the formation of
primary benzyl cations by hydride abstraction from
the methyl groups cannot compete effectively with the
proton transfer process, resulting in the loss of
isobutene.

The results obtained from the investigation of the
mononuclear alkylbenzenium ions strongly corrobo-
rate the findings on the binuclear ones, in particular on
those concerning steric hindrance and the spectator
ring effect. They clearly show that, in spite of the
presence of ay-phenylpropyl residue increasing the
proton affinity as compared to the simple ethylben-

exclusively unlabelled isobutane, besides the strongly zene-type ions, the relative rate of isobutane loss also

predominant loss of isobutene, and in the same
relative amounts as found for the unlabelled isoto-
pomer. Therefore, the-CH, group of the ethyl side
chain does not contribute at all to the hydride transfer
and thetert-butyl cation in the complex abstracts a

increases significantly for the protonated 1,3-diphe-
nylpropanes. Thus, in the complexes formed from
ions B8 + H]" and P + H] ", as well as from ions
[11 4+ H]" (see below), the interaction of the aro
matic rings enables the hydride abstraction from all
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[10a + HJ* [10b + H]*
C4H10 C4H9D C4H1O C4H9D
Scheme 9.

possible donor positions. The spectator ring activates, ([C,H,d/[C,HJD]), = 20 andk,/k, = 1.6, we ob
to a significant extent, the sterically hindered benzylic tain the fractional contribution$,:f :f, = 7:44:48
methylene groups as well as tbeho-methyl groups for ions [10 + H]". However, the competition be
which, in contrast taneta-and para-sited ones, are  tween they-CH, and theortho-CH; group remains
spatially accessible. In this view, the investigation of almost constant for ([¢1,4/[C,HD]),, > 20 and the
the ortho,ortho-dimethyl-substituted protonated di- limiting ratiof,:f :f, = 0:44:56would be reached if
phenylpropanes again demonstrates that the fragmenthe loss of GH,D from ions [L0a+ H]" were
tation of these large protonated alkylbenzenes in- suppressed completely. It is also interesting to com-
volves weakly, noncovalently bonded ion/neutral pare these data to the correspondingd, values for
complexes. The increased reactivity toward the intra- the complexes formed from the 2,4,5-trimethyl-sub-
complex hydride transfer reaction, due to the specta- stituted ions 10 + H]* with the 2,4- and 2,5-di-
tor ring effect, represents another characteristic fea- methylated ionsq + H]* and [7 + H]". Thus, in
ture. ions [6 + H]" (f,:f, = 70:15), the paramethyl
The trimethyl-substituted protonated 1,3-diphenyl- group strongly activates the-CH, but not the ortho
propanes complete these insights. The MIKE spectra methyl group and, accordingly, thenetamethyl
of the protonatedy,a-D,- and vy,y-D,-labelled 1-(4- group strongly activates thertho-methyl but less
tert-butylpheny)-3-(2,4,5-trimethylphenyl)propanes  than the y-CH, group in ions 7 + H]™" (f:f, =
[10a+ H]" and [LOb + H]™ are reproduced in Fig.
4. Loss of GH,,and GHgD occurs in both cases and,
as expected from the results obtained so far, deuteride DD _| + H*
abstraction is clearly favored in the complex formed
from the y,y-D,-labelled ions 10b + H]*, as com
pared to l0a+ H]* (Scheme 9).The [CH,J/
[C,HgD] ratios are similar to those observed for the
2,5-dimethylated congener¥d + H]* and [7b +
H]*. The additionapara-methyl substituent activates
both they-CH, andortho-CH; groups toward hydride J/ W
abstraction. Calculations for the relative hydride do-
nor reactivities provide some limiting values only C.Hyo C,HD
because the ([§H,J/[C,HD]), ratio measured for
ions [10a + H]™ represents a lower limit. Thus, with Scheme 10.

[1b + HJ*
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4% %/ \46% 4% 16%/ \ 84%
e

from [4 + H]* from [6 + H]*

PN PN
15% 70%\ 15% 15% 31%\ 54%
(o] o
0 e
from [6 + H]* from [7 + H]*

Ao PN
28% 12%\ 30% <7% 44%\ 48-56%
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from [8 + H]* and [9 + H]* from [10 + H]*

Scheme 11. Regioselectivies of hydride abstraction within the complexes generated from selected precursof-iét]s [(fbr monomethyl
analogues, see Scheme 3 and [16b]).
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31:54). lons [10 + H]* represent an intermediate
case (,:f, ~ 44:50) since both thepara- and
metamethyl substituents exert activating effects on
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plex hydride abstraction can be determined by reason-
ably assuming the same kinetic isotope effdgt/
ko = 1.6, operating for all donor positions. The

the respective donor groups to which they themselves fractional contributiond,,:f.:f, of the donor sites in

are para oriented.
Finally, our efforts to study the corresponding
isotopomers of the mesitylene analogud f- H]*

the various complexes, including that generated from
ions 4 + H]*, are collected in Scheme 11.
Hydride abstraction from the benzylic methylene

have to be mentioned. Synthesis of the respective group of the more highly alkylated benzyl moiety is

a,a-D, precursor (compoundlla not displayed)
failed, whereas that of the,y-D, isotopomer {1b)

facilitated ¢,,, > 1) by the presence of aeta
methyl or, even more efficiently, para-methyl sub-

was successful (see the Appendix). Isobutane lossstituent, or both. This is also true when artho-

from [11 + H]" is very minor (1%, cf. Table 1),
and besides the clearly measurable fraction gfi g
loss in the MIKE spectrum of ionsllb + H] ™, that

of C,HgD could not be detected. However, a lower
limit [C ,H,d/[C,H,D] = 10 was estimated (Scheme
10). Therefore, it remains uncertain whether the
para-methyl group at they-arene ring further acti-
vates the hydride abstraction from the highly shielded
benzylic methylene group as compared to i08sH
H]" and P + H]™.

4. Conclusions

The substituent effects of methyl groups on the
fragmentation behavior of metastable ioBs# H] "
[11 + H]" clearly reflect the intermediacy of ion/
neutral complexest{C,Hg 1,3-diarylpropane] com

methyl substituent gives rise to partial shielding of the
adjacent benzylic CHdonor group and acts as a
hydride donor on its own. The hydride donor reactiv-
ity of the ortho-methyl substituents is increased in the
same order by methyl groups orientateta or/and
parato that donor. Twofold shielding of the benzylic
methylene group by 2,6-dimethyl substitution
strongly discriminates that donor site in favor of both
the unshielded benzylic and the twartho-methyl
groups; however, discrimination is far less efficient
than in the complexes containing a mononuclear
alkylbenzene only. This finding and the fact that
ortho-methyl groups act as hydride donors, whereas
meta-andpara-methyl groups do not, clearly demon-
strate the role of the spectator ring in gaseous ion/
molecule complexes containing a neutaad-diphe-
nylalkane. Further examples describing the chemistry
of ion/neutral complexes of thtert-butyl cation with

plexes. The competition between the losses of eyen larger alkylbenzenes will be reported next in this
isobutene and isobutane, i.e. proton transfer to the series [15].

neutral constituent and hydride abstraction from it by
thetert-butyl cation, strongly depends on the basicity
of the whole diphenylalkane, rather than on the
basicity of an individual ring, and on the local
activation of hydride donating benzylic methylene
and methyl groups. “Symmetrization” of the precur-
sor ion during the generation of the complex, as
shown by the identical behavior of the 2,6-dimethyl-
substituted ionsg + H]* and P + H]™, also con
firms that thetert-butyl cation can freely move within
the complex. The hydride donor activity of the ben-
zylic methylene groups, but also of tleetho-methyl
groups are significantly affected by electronic and
steric effects, and the regioselectivity of the intracom-

Appendix

Al. tert-Butylated 1,3-Diphenylpropenones (tert-
Butylchalcones)

1-(4+ert-Butylphenyl)-3-(3,4-dimethylphenyl)
prop-2-ene-1-one (15)

From 4+ert-butylacetophenone and 3,4-dimethyl-
benzaldehyde, yield 55%, pale yellow needles,
121.5-123 °C (EtOH):H NMR (CDCl,): 6 1.37 (5, 9
H), 2.31 @, 6 H), 7.17-7.201f, 1 H), 7.39-7.421f,
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2 H), 7.50 and 7.78AB, 3] 15.7 Hz, 2 H), 7.52 and
7.98 (AA'BB’, 3J 8.7 Hz, 4 H); mass spectrum (EI):
m/z(%) 292 (20, M"), 291 (19), 277 (100), 235 (33),
131 (11), 117 (25), 91 (12); IR (KBr)x (cm™*) 2970,
1655, 1593, 1238, 1224, 1189, 1109, 1033, 1013, 812.
C,H,,0 (292.42), calcd C 86.26 H 8.27, found C
86.25 H 8.21.

3-(4+ert-Butylphenyl)-1-(3,4-dimethylphenyl)
prop-2-ene-1-one (16)

From 3,4-dimethylacetophenone andedt-butyl-
benzaldehyde; yield 68%, pale yellow solid, 58—
60 °C (EtOH).*H NMR (CDCLy): & 1.35 (s, 9 H),
2.35 (5, 6 H), 7.24-7.27 1y, 1 H), 7.44 and 7.60
(AA'BB’, 3J 8.4 Hz, 4 H), 7.51 and 7.80AB, 3J
15.7 Hz, 2 H), 7.76-7.82nf, 2 H); mass spectrum
(ED): m/z(%) 292 (45, M*), 291 (29), 277 (79), 235
(100), 133 (22), 105 (18), 57 (11); IR (KBR:(cm 1)
3034, 2965, 2870, 1655, 1608, 1592, 1413, 1324,
1136, 985, 816. GH,,0 (292.42), calcd C 86.26 H
8.27, found C 86.05 H 8.05.

3-(4+4ert-Butylphenyl)-1-(3,4-di[Ds]methyl[D 5]
phenyl)prop-2-ene-1-one (16a)

From  3,4-di[D]methyl-[2,5,6-DJacetophenone
and 4tert-butylbenzaldehyde; yield 20% with recov-
ery of ~60% of each of the starting materials, yellow
crystals,m, 99—100.5 °C (EtOH)*H NMR (CDCl):
81.35 (s, 9 H), 7.44 and 7.60AA'BB’, 3J 8.4 Hz,

4 H), 7.50 and 7.79 AB, 3J 15.7 Hz, 2 H); mass
spectrum (El)m/z (%) 301 (47, M"), 300 (39), 286
(66), 258 (21), 244 (100), 142 (33), 129 (28), 114
(31), 82 (20), 57 (16).

1-(4-ert-Butylphenyl)-3-(2,4-dimethylphenyl)
prop-2-ene-1-one (17)

From 2,4-dimethylbenzaldehyde andtér{-butyl)
acetophenone; yield 46%, yellow crystats, 95—
96 °C (EtOH)."H NMR (CDCl,) 6 1.36 (5, 9 H), 2.35
(s, 3H), 2.46 6, 3 H), 7.05-7.081fn, 2 H), 7.45 and
8.11 (AB, 3J 15.6 Hz, 2 H), 7.52 and 7.99NA' BB/,
3] 8.6 Hz, 4 H), 7.61-7.63n, 1 H); mass spectrum
(El): m/z(%) 292 (40, M"), 291 (10), 277 (100), 235
(39), 161 (31), 147 (24), 131 (16), 117 (32), 91 (24),
57 (13); IR (KBr):v (cm 1) 2969, 2871, 1649, 1605,
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1582, 1340, 1222, 1010, 811, 704,,8,,0 (292.42),
calcd C 86.26 H 8.27, found C 86.32, H 8.51.
3-(4+4ert-Butylphenyl)-1-(2,4-dimethylphenyl)
prop-2-ene-1-one (18)

From 2,4-dimethylacetophenone andedit-butyl-
benzaldehyde; yield 35%, yellow crystats, 70 °C
(EtOH). 'H NMR (CDCly): 6 1.33 (5, 9 H), 2.38 6,

3 H),2.43 6, 3H), 7.07-7.101, 2 H), 7.12 and 7.47
(AB, 33 16.0 Hz, 2 H), 7.41-7.44nf, 1 H), 7.42 and
7.51 (AA'BB’, 3J 8.5 Hz, 4 H); mass spectrum (EI):
m/z (%) 292 (98, M"), 291 (19), 277 (73), 235 (62),
147 (40), 145 (100), 133 (31), 105 (33), 91 (20), 77
(23), 57 (33); IR (KBr):v (cm™ %) 3031, 2970, 2868,
1665, 1601, 1329, 1216, 1012, 991, 813, 1L,,0
(292.42), calcd C 86.26 H 8.27, found C 86.21, H
8.28.

1-(4-tert-Butylphenyl)-3-(2,5-dimethylphenyl)
prop-2-ene-1-one (19)

From 2,5-dimethylbenzaldehyde andeft-butylac-
etophenone; yield 75%, pale yellow crystats, 77 °C
(EtOH).*H NMR (CDCl,): §1.37 6, 9 H), 2.37 , 3 H),
2.44 6 3 H), 7.12-7.131, 2 H), 7.47 and 8.104B, 3J
15.6 Hz, 2 H), 7.51-7.54nf 1 H), 7.53 and 8.00
(AA'BB', 3] 8.6 Hz, 4 H); mass spectrum (Ef/z (%)
292 (33, M%), 291 (6), 277 (100), 235 (40), 161 (31),
147 (33), 131 (16), 117 (30), 91 (25), 57 (16); IR (KBr):
v (cm ") 2966, 2872, 1653, 1605, 1588, 1238, 1224,
1194, 1108, 1034, 813.,¢H,,0 (292.42), calcd C 86.26
H 8.27, found C 86.27 H 8.25.
3-(4+ert-Butylphenyl)-1-(2,5-dimethylphenyl)
prop-2-ene-1-one (20)

From 4tert-butylbenzaldehyde and 2,5-dimethyl-
acetophenone; yield 60%; yellow solidm,
77-78.5 °C (EtOH)!H NMR (CDCl,): 6 1.33 (5, 9
H), 2.36 (5, 3 H), 2.38 6, 3 H), 7.09 and 7.44AB,
3J16.0 Hz, 2 H), 7.17-7.18, 2 H), 7.27 6,,, 1 H),
7.43 and 7.52 AA'BB’, 3J 8.3 Hz, 4 H); mass
spectrum (ENm/z (%) 292 (57, M), 291 (11), 277
(51), 235 (57), 145 (100), 133 (38), 131 (32), 105
(60), 91 (38), 77 (54), 57 (65); IR (KBry (cm 1)
3036, 2968, 2870, 1657, 1593, 1332, 1171, 1024, 994,
820, 653. G,H,,0 (292.42), calcd C 86.26 H 8.27,
found C 86.02 H 8.24.
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3-(4+ert-Butylphenyl)-1-(2-methyl-5-
[Ds]methylphenyl)prop-2-ene-1-one (20a)

From 2-methyl-5-[R]methylacetophenone and
4-tert-butylbenzaldehyde; yield 39%, yellow solid,
m, 72-75°C (MeOH/HO). *H NMR (CDCly): &
1.33 (5, 9 H), 2.38 6, 3 H), 7.09 and 7.444B, 3J
16.2 Hz, 2 H), 7.17-7.18n, 2 H), 7.27 6,, 1 H),
7.42 and 7.51 AA'BB’, 3J 8.4 Hz, 4 H); mass
spectrum (EN'm/z (%) 295 (99, M), 294 (26), 280
(67), 238 (67), 162 (23), 161 (22), 148 (100), 147
(76), 133 (45), 131 (36), 119 (16), 117 (20), 115 (19),
108 (33), 91 (21), 57 (53).
3-(4+ert-Butylphenyl)-1-(2,5-

di[D g]methylphenyl)prop-2-ene-1-one (20b)

From  4iert-butylbenzaldehyde and  2,5-
di[DzJmethylacetophenone; yield 42%, yellow crys-
tals, m, 77.5-78.5 °C (EtOH)H NMR (CDCly): &
1.33 (5, 9 H), 7.09-7.44 AB, 3] 16.0 Hz, 2 H),
7.15-7.21 (n, 2 H), 7.27-7.28 i, 1 H), 7.43 and
7.51 (AA'BB’, 3J 8.4 Hz, 4 H); mass spectrum (EI):
m/z(%) 298 (100, M"), 297 (26), 283 (85), 241 (90),
165 (25), 151 (67), 150 (42), 149 (35), 148 (37), 147
(28), 134 (30), 132 (26), 129 (25), 128 (21), 111 (42),
91 (14), 81 (13), 80 (14), 57 (51).
3-(4+ert-Butylphenyl)-1-(2,5-

di[D g]Jmethyl[D s]phenyl)prop-2-ene-1-one (20c)

From  2,5-di[D]Jmethyl-[3,4,6-D;Jacetophenone
and 4tert-butylbenzaldehyde; yield 59%, yellow nee-
dles,m,, 7879 °C (EtOH)H NMR (CDCly): 5 1.33
(s, 9 H), 7.09 and 7.44AB, 3J 16.1 Hz, 2 H), 7.43
and 7.52 QA'BB’, 3J 8.5 Hz, 4 H); mass spectrum
(El): m/z(%) 301 (100, M"), 300 (29), 286 (72), 258
(11), 244 (79), 168 (21), 154 (55), 153 (41), 148 (34),
147 (24), 134 (27), 132 (22), 120 (16), 114 (32), 82
(17), 57 (44).
1-(4-tert-Butylphenyl)-3-(2,6-dimethylphenyl)
prop-2-ene-1-one (21)

From 2,6-dimethylbenzaldehyde andeftbutylac-
etophenone; yield 40% after kugelrohr distillation and
recrystallization, pale yellow needles), 101-103 °C
(EtOH).*H NMR (CDCl,): §1.36 6, 9 H), 2.41 6, 6 H),
7.09-7.171fn, 3H), 7.19 and 7.954B, 31 16.1 Hz, 2 H),
7.52 and 7.96 AA'BB', 3] 8.6 Hz, 4 H); mass spectrum
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(El): m/z (%) 292 (12, M), 277 (100), 235 (57), 161
(34), 147 (28), 131 (13), 117 (26), 91 (24), 57 (16); IR
(KBr): v (cm™ ) 3063, 2968, 2872, 1658, 1600, 1306,
1218, 1009, 987, 772.4H,,0 (292.42), calcd C 86.26
H 8.27, found C 86.19 H 8.44.
3-(4+4ert-Butylphenyl)-1-(2,6-dimethylphenyl)
prop-2-ene-1-one (22)

From 2,6-dimethylacetophenone andeft-butyl-
benzaldehyde; yield 44%, yellow oil, bp 155 °C/0.015
mbar.*H NMR (CDCl,): 8 1.32 (5, 9 H), 2.22 6, 6
H), 6.93 and 7.16 AB, 3J 16.1 Hz, 2 H), 7.06-7.22
(m, 3 H), 7.41 and 7.47AA'BB’, 3J 8.7 Hz, 4 H);
mass spectrum (Eln/z(%) 292 (56, M"), 277 (62),
235 (37), 163 (42), 145 (100), 133 (58), 105 (43), 91
(43), 77 (30), 57 (58); IR (film)¥ (cm™*) 3034, 2966,
2872, 1647, 1621, 1603, 1270, 1107, 1060, 828.
C,,H,,0 (HRMS) calcd 292.1827, found 292.1822.
1-(4-ert-Butyl-2,6-dimethylphenyl)-3-phenylprop-
2-ene-1-one (23)

From 4tert-butyl-2,6-dimethylacetophenone and
benzaldehyde; yield 55%, yellow crystats, 71 °C
(EtOH). 'H NMR (CDCly): 6 1.33 (5, 9 H), 2.23 6,

6 H), 6.95 and 7.234B, 3J 16.2 Hz, 2 H), 7.07¢,

2 H), 7.38-7.401fn, 3 H), 7.51-7.55, 2 H); mass
spectrum (ENm/z (%) 292 (57, M), 277 (25), 235
(8), 201 (100), 131 (23), 91 (10), 77 (12), 57 (10); IR
(KBr): v (cm™ ™) 3028, 2965, 2867, 1653, 1626, 1270,
1139, 1058, 975, 870, 766, 704, 681,,8,,0
(292.42), calcd C 86.26 H 8.27, found C 86.11 H 8.30.
3-(4+4ert-Butyl-2,6-dimethylphenyl)-1-phenylprop-
2-ene-1-one (24)

From 44iert-butyl-2,6-dimethylbenzaldehyde (2.86
0, 15.0 mmol) and acetophenone (1.90 g, 16.0 mmaol),
with dioxane (6 mL) and further KOH (2 g) in MeOH
(8 mL) added to the reaction mixture; yield 55%,
yellow crystals, m, 70-71°C (EtOH).'H NMR
(CDCly): 61.33(,9H),2.446,6H),7.136, 2H),
7.18 and 7.98 AB, 3J 16.0 Hz, 1 H), 7.48-7.62n(,

3 H), 7.98-8.00 ifn, 2 H); mass spectrum (Eln/z
(%) 292 (26, M*), 291 (1), 277 (100), 235 (10), 171
(15), 129 (12), 128 (13), 115 (15), 105 (50), 77 (59),
57 (16); IR (KBr):v (cm %) 3065, 2960, 2868, 1661,
1604, 1445, 1298, 1227, 1214, 1012, 980, 692.
C,H,,0 (292.42), calcd C 86.26 H 8.27, found C
86.18 H 7.99.
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1-(4+ert-Butylphenyl)-3-(2,4,5-trimethylphenyl)
prop-2-ene-1-one (25)

From 2,4,5-trimethylbenzaldehyde andeft-bu-
tylacetophenone; yield 57%, yellow crystals),
122 °C (EtOH).*H NMR (CDCl,): 6 1.36 (5, 9 H),
2.26 (5, 3 H),2.28 6, 3 H), 2.42 §, 3 H), 7.01 6,,

1 H), 7.49 6,,, 1 H), 7.45 and 8.094B, 3J 15.6 Hz,

2 H), 7.52 and 7.99AA'BB’, 3J 8.6 Hz, 4 H); mass
spectrum (El):m/z (%) 306 (62, M*), 305 (6), 291
(100), 249 (28), 161 (30), 147 (32), 124 (26), 115
(20), 91 (18), 57 (16); IR (KBr)v (cm™ ™) 3020, 2965,
2871, 1650, 1605, 1584, 1318, 1265, 1222, 1193,
1108, 1009, 984. CH,:O (306.45), calcd C 86.23 H
8.55, found C 86.39 H 8.85.

3-(4+4ert-Butylphenyl)-1-(2,4,5-trimethylphenyl)
prop-2-ene-1-one (26)

From 2,4,5-trimethylacetophenone andedt-bu-
tylbenzaldehyde; yield 47%, yellow crystalsn,
98 °C (EtOH).*H NMR (CDCL): & 1.33 (s, 9 H),
2.27 (5, 3 H), 2.29 6, 3 H), 2.39 6, 3 H), 7.05 &,
1H), 7.29 6,,, 1 H), 7.13 and 7.484B, 3] 16.0 Hz,
2 H), 7.42 and 7.52AA'BB’, 3] 8.4 Hz, 4 H); mass
spectrum (El)m/z (%) 306 (88, M*), 305 (25), 291
(57), 249 (51), 173 (30), 159 (100), 147 (30), 133
(25), 131 (27), 119 (31), 91 (36), 57 (31); IR (KBr):
v (cm™Y) 3020, 2970, 1658, 1591, 1328, 1217, 1100,
993, 824. G,H,-O (306.45), calcd C 86.23 H 8.55,
found C 86.24 H 8.49.

3-(4+ert-Butylphenyl)-1-(2,4,6-trimethylphenyl)
prop-2-ene-1-one (27)

From 44ert-butylbenzaldehyde and 2,4,6-tri-
methylacetophenone; yield 40%, yellow oil, bp
145 °C/0.01 mbarH NMR (CDCly): § 1.32 (s, 9 H),
2.18 (s, 6 H), 2.32 6, 3 H), 6.88 6, 2 H), 6.91 and
7.17 (AB, 3] 16.2 Hz, 2 H), 7.40 and 7.46NA'BB’,

3] 8.6 Hz, 4 H); mass spectrum (Ef/z(%) 306 (69,
M), 291 (53), 249 (29), 159 (100), 147 (58), 131
(26), 119 (29), 91 (43), 77 (22), 57 (32); IR (filmy:
(cm™ 1) 3034, 2965, 2871, 1673, 1606, 1561, 1460,
1413, 1364, 1325, 1275, 1166, 1065, 983, 832.
C,,H,0 (HRMS), calcd 306.1984, found 306.1987.
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A2. tert-Butylated 1,3-diphenylpropanones (tert-
butyldihydrochalcones)

1-(4+ert-Butylphenyl)-3-(3,4-dimethylphenyl)pro-
pane-1-one (28)

By hydrogenation ofl5; yield 68%, colorless oil,
bp 150 °C/0.02 mbarH NMR (CDCL,): § 1.34 (s, 9
H), 2.23 6, 3H), 2.25 6, 3H),2.99 ¢, %] 7.8 Hz, 2
H), 3.26 ¢, J 7.9 Hz, 2 H), 6.96—7.09, 3 H), 7.46
and 7.91 AA'BB’, 3J 8.7 Hz, 4 H); mass spectrum
(El): m/z(%) 294 (26, M"), 279 (12), 237 (42), 161
(100), 133 (29), 119 (41), 91 (25), 57 (19); IR (film):
v (cm™ 1) 3043, 2966, 1682, 1606, 1407, 1363, 1269,
1189, 1107, 979, 878. LH,O (HRMS), calcd
294.1984, found 294.1985.
3-(4+ert-Butylphenyl)-1-(3,4-dimethylphenyl)pro-
pane-1-one (29)

By hydrogenation of16; yield 65%, colorless
solid,m, 56-58 °C (EtOH)H NMR (CDCly): §1.31
(s, 9H),2.306 3H), 2316 3H),3.02¢ 3378
Hz, 2 H), 3.27 {, 3] 7.9 Hz, 2 H), 7.18-7.21n, 1
H), 7.20 and 7.33 AA'BB’, 3J 8.4 Hz, 4 H),
7.68—7.74 fn, 2 H); mass spectrum (Eln/z(%) 294
(47, M), 279 (73), 237 (7), 133 (100), 105 (32), 91
(14), 57 (10); IR (KBr):v (cm™ %) 3055, 2970, 2870,
1677, 1606, 1407, 1301, 1207, 1161, 1022, 818, 778.
C,1H,0 (294.44), calcd C 85.67 H 8.90, found C
85.57 H 9.09.
1-(4-tert-Butylphenyl)-3-(2,4-dimethylphenyl)pro-
pane-1-one (30)

By hydrogenation ofl7; yield 79%, colorless
crystals,m, 73-75 °C (EtOH).'H NMR (CDCLy): &
1.34 5, 9 H), 2.30 6, 3 H), 2.31 6, 3 H), 3.00 ¢, 3J
7.8 Hz, 2 H), 3.211, 33 7.7 Hz, 2 H), 6.96—7.10n,

3 H), 7.47 and 7.91AA'BB’, 3J 8.6 Hz, 4 H); mass
spectrum (El):m/z (%) 294 (30, M"), 279 (8), 237
(20), 161 (100), 133 (11), 119 (45), 118 (41), 91 (24),
57 (8); IR (KBr): v (cm 1) 3010, 2964, 2870, 1678,
1605, 1406, 1360, 1192, 975, 810,,8,.0 (294.44),
calcd C 85.67 H 8.90, found C 85.76 H 9.22.
3-(4+ert-butylphenyl)-1-(2,4-dimethylphenyl)pro-
pane-1-one (31)

By hydrogenation ofl8; yield 95%, pale yellow
oil, bp 120 °C/0.02 mbar*H NMR (CDCl,): § 1.30
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(s, 9H), 2.336, 3H), 2476 3H),299¢ 3377
Hz, 2 H),3.21 ¢, 33 7.6 Hz, 2 H), 7.01-7.04nG, 2 H),
7.16 and 7.31 AA'BB’, 3J 8.3 Hz, 4 H), 7.55-7.57
(m, 1 H); mass spectrum (El)m/z (%) 294 (22,
M), 279 (35), 135 (24), 133 (100), 105 (28), 91 (17),
57 (9); IR (film): v (cm™") 2967, 2871, 1681, 1611,
1448, 1363, 1268, 1202, 979, 816,,8,,0 (HRMS),
calcd 294.1984, found 294.1986.
1-(4-tert-Butylphenyl)-3-(2,5-dimethylphenyl)pro-
pane-1-one (32)

By hydrogenation ofl9; yield 65%, colorless oil,
bp 160 °C/0.02 mbarH NMR (CDCL,): § 1.34 (s, 9
H), 2.30 5, 6 H), 3.03 ¢, 3J 7.7 Hz, 2 H), 3.221, 3J
7.7 Hz, 2 H), 6.94-7.07n4, 3 H), 7.47 and 7.92
(AA'BB’, 3] 8.6 Hz, 4 H); mass spectrum (En/z
(%) 294 (38, M), 279 (6), 276 (4), 237 (16), 161
(100), 119 (39), 118 (53), 117 (26), 91 (28), 57 (12);
IR (film): v (cm™ 1) 2968, 2872, 1682, 1605, 1460,
1407, 1363, 1269, 1190, 1107, 807.,,8,0
(HRMS), calcd 294.1984, found 294.1982.
3-(4+ert-Butylphenyl)-1-(2,5-dimethylphenyl)pro-
pane-1-one (33)

By hydrogenation of20; yield 76%, pale yellow
oil, bp 170 °C/0.01 mbar*H NMR (CDCl,): & 1.31
(s, 9H), 2.32 6 3H), 2436 3H),3.00¢ 3377
Hz, 2 H), 3.21 ¢, 3 7.6 Hz, 2 H), 7.10-7.19n(, 2
H), 7.17 and 7.32 AA'BB’, 3] 8.3 Hz, 4 H), 7.39
(Syr 1 H); mass spectrum (El)m/z (%) 294 (46,
M), 279 (44), 133 (100), 117 817), 105 (37), 91
(21), 77 (19), 57 (12); IR (film)¥ (cm™ 1) 3027, 2967,
2871, 1686, 1567, 1362, 1267, 1170, 816,50
(HRMS), calcd 294.1984, found 294.1980.
1-(4+ert-Butylphenyl)-3-(2,6-dimethylphenyl)pro-
pane-1-one (34)

By hydrogenation of21; yield 77%, colorless
crystalsm, 76-77.5 °C (EtOH)*H NMR (CDCly): &
1.34 (5, 9 H), 2.34 6, 6 H), 3.07-3.111, 4 H), 7.03
(Spr 3 H), 7.47 and 7.91AA'BB’, 3] 8.6 Hz, 4 H);
mass spectrum (Eln/z (%) 294 (19, M), 279 (6),
276 (13), 161 (100), 119 (45), 118 (67), 117 (27), 91
(30), 57 (13); IR (KBr):v (cm™ %) 3022, 2967, 2872,
1678, 1605, 1463, 1403, 1361, 1210, 1189, 974, 770.
C,1H,60 (294.44), calcd C 85.67 H 8.90, found C
85.43 H 8.89.
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3-(4+ert-Butylphenyl)-1-(2,6-dimethylphenyl)pro-
pane-1-one (35)

By hydrogenation oR2, yield 68%, colorless oll,
bp 135 °C/0.02 mbarH NMR (CDCl,): §1.30 (s, 9
H), 2.15 6, 6 H), 3.03 6, 4 H), 6.98-7.011f, 2 H),
7.12-7.17 fn, 1 H), 7.17 and 7.31AA'BB’, 3J 8.4
Hz, 4 H); mass spectrum (Elm/z (%) 294 (15,
M), 279 (19), 133 (100), 117 (11), 105 (30), 91 (12),
77 (13), 57 (9); IR (film)¥ (cm™ 1) 3028, 2965, 2872,
1697, 1514, 1462, 1363, 1268, 822, 770,10
(HRMS), calcd 294.1984, found 294.1981.
1-(4-ert-Butyl-2,6-dimethylphenyl)-3-phenylpro-
pane-1-one (36)

By hydrogenation oR3; yield 85%, colorless oll,
bp 165 °C/0.01 mbarH NMR (CDCl,): § 1.28 (s, 9
H), 2.15 s, 6 H), 3.02-3.051h, 4 H), 7.00 €, 2 H),
7.18—7.30 fn, 5 H); mass spectrum (Eln/z(%) 294
(5, M™), 279 (12), 189 (100), 146 (13), 105 (15), 91
(22), 77 (9); IR (film):v (cm™ 1) 3032, 2967, 2871,
1698, 1605, 1453, 1362, 1238, 975, 868, 698.
C,H,60 (HRMS), calcd 294.1984, found 294.1981.
3-(4+4ert-Butyl-2,6-dimethylphenyl)-1-phenylpro-
pane-1-one (37)

By hydrogenation oR4; yield 66%, colorless oil,
bp 150 °C/0.02 mbarH NMR (CDCL,): 6§ 1.31 s, 9
H), 2.35 , 6 H), 3.01-3.07r, 2 H), 3.11-3.171f,
2 H), 7.06 6,, 2 H), 7.43-7.481fn, 2 H), 7.54-7.57
(m, 1 H), 7.95-7.981f, 2 H); mass spectrum (EI):
m/z (%) 294 (30, M"), 279 (100), 237 (6), 175 (93),
174 (92), 159 (90), 145 (40), 105 (90), 91 (28), 77
(81), 57 (40); Contamination by overhydrogenated
products was detected in low amounts by mass
spectrometry ro/z 300, 285); IR (film):v (cm™ %)
3065, 2966, 2869, 1687, 1448, 1361, 1288, 1203, 740,
689. G,H,sO (HRMS), calcd 294.1984, found
294.1983.
1-(4+ert-Butylphenyl)-3-(2,4,5-trimethylphenyl)
propane-1-one (38)

By hydrogenation of25; yield 63%, colorless
crystals,m, 75 °C (EtOH)."H NMR (CDCl,): 6 1.34
(s, 9H),2.21 6 6H),2.286 3H),297¢ 318.0
Hz, 2 H),3.20¢(, % 8.2 Hz, 2 H), 6.95%,,, 1 H), 6.97
(Sy, 1 H), 7.47 and 7.91AA'BB’, 3J 8.6 Hz, 4 H);
mass spectrum (Eln/z (%) 308 (46, M"), 293 (9),
251 (14), 161 (100), 147 (31), 133 (72), 132 (79), 117
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(26), 91 (25), 57 (11); IR (KBr)¥ (cm 1) 3003, 2973,

2934, 1680, 1605, 1407, 1361, 1290, 1210, 1192, 976,

843. G,,H,50 (308.47), calcd C 85.66 H 9.15, found
C 85.65 H 9.11.
3-(4+4ert-Butylphenyl)-1-(2,4,5-trimethylphenyl)
propane-1-one (39)

By hydrogenation of26; yield 50%, colorless
crystals;m, 60—-63 °C (EtOH)*H NMR (CDCly): 8
1.316,9H),2236 3H),2256,3H),2.446,3
H), 2.99 ¢, 3J 7.7 Hz, 2 H), 3.211, 3J 7.8 Hz, 2 H),
7.01 5y, 1 H), 7.18 and 7.334AA'BB’, 31 8.2 Hz, 4
H), 7.42 &,,, 1 H); mass spectrum (Eljn/z (%) 308
(17, M™), 293 (21), 147 (100), 131 (11), 119 (14), 91
(14), 57 (5); IR (KBr):v (cm™ %) 3019, 2966, 2867,
1672, 1446, 1355, 1267, 1208, 1105, 937, 820.
C,,H,50 (308.47), calcd C 85.66 H 9.15, found C
85.63 H 8.93.
3-(4+4ert-Butylphenyl)-1-(2,4,6-trimethylphenyl)
propane-1-one (40)

By hydrogenation oR7; yield 73%, colorless oil,
bp 150 °C/0.05 mbarH NMR (CDCl,): §1.30 (s, 9
H), 2.12 6, 6 H), 2.26 6, 3 H), 3.01 &,,, 4 H), 6.80
(s, 2 H), 7.16 and 7.31AA'BB’, 3] 8.3 Hz, 4 H);
mass spectrum (Eln/z (%) 308 (7, M*), 293 (14),
147 (100), 131 (15), 119 (24), 91 (22), 77 (11), 57 (9);
IR (film): v (cm %) 2965, 2870, 1697, 1611, 1514,
1462, 1363, 1268, 977, 849, 821, 8,0 (HRMS),
calcd 308.2140, found 308.2132.

A3. tert-Butylated 1,3-diphenylpropanes

1-(4+ert-Butylphenyl)-3-(3,4-dimethylphenyl)
propane (5)

By catalytic hydrogenolysis dt9; colorless oil, bp
130 °C/0.02 mbarH NMR (CDCly): 1.31 (s, 9 H),
1.93 (quin,J 7.8 Hz, 2 H), 2.22¢, 3 H), 2.23 6, 3
H), 2.59 ¢, 3J 7.8 Hz, 2 H), 2.621, %] 7.8 Hz, 2 H),
6.92-6.97 n, 2 H), 7.03-7.051, 1 H), 7.12 and
7.30 (AA'BB’, 3J 8.3 Hz, 4 H); mass spectrum (EI):
m/z(%) 280 (68, M"), 265 (77), 133 (36), 120 (100),
105 (35), 92 (27), 91 (26), 57 (29); IR (filmiy:(cm 1)
3007, 2967, 2862, 1515, 1503, 1459, 1363, 1268,
1108, 1019, 831, 815. LH,g (HRMS), calcd
280.2191, found 280.2181.
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1-(4+ert-Butylphenyl)-3-(3,4-dimethylphenyl)-
[1,1-D,]propane (5a)

By chloralane reduction &8 using LIAID /AICI ;;
colorless oil, bp 140 °C/0.01 mbdid NMR (CDCly):
81.31(6, 9H),1.91¢ 337.7Hz, 2H), 2.23¢, 3H),
2.24 (s, 3H), 2.59 ¢, 3] 7.7 Hz, 2 H), 6.91-6.97n,

2 H), 7.03-7.061, 1 H), 7.12 and 7.30AA'BB’, 3J

8.5 Hz, 4 H); mass spectrum (Ein/z (%) 282 (82,
M), 267 (88), 133 (68), 121 (100), 119 (82), 106
(30), 93 (28), 91 (34), 57 (52). Some elimination
product was detected in small amounts by mass
spectrometry rp/z 279, 264, 222). D contents (mass
spectrometry): 88% (79%.,019% d, 2% d,).
1-(4-ert-Butylphenyl)-3-(3,4-dimethylphenyl)-
[3,3-D,]propane (5b)

By chloralane reduction &f9 using LiAID,/AICI ;;
colorless oil, bp 140 °C/0.01 mbai NMR (CDCly):
81.31(, 9H),1.91¢ 31 7.7 Hz, 2 H), 2.23%, 3 H),
2.24 (s, 3H), 2.62 ¢, 3J 7.8 Hz, 2 H), 6.91-6.97n,

2 H), 7.03-7.061f, 1 H), 7.13 and 7.30AA'BB’, 3]

8.4 Hz, 4 H); mass spectrum (Eln/z (%) 282 (65,
M), 267 (77), 133 (15), 131 (35), 122 (100), 107
(24), 105 (26), 93 (37), 91 (35), 57 (28). Some
elimination product was detected in small amounts by
mass spectrometrym/z 279, 264, 222). D contents
(mass spectrometry): 98% (97%, 2% d;, 1% d,).
1-(4-tert-Butylphenyl)-3-(3,4-

di[D 5]Jmethyl[D s]phenyl)propane (5c)

By catalytic hydrogenation/hydrogenolysis18a
colorless oil, bp 155 °C/0.01 mbaid NMR (CDCly):
81.31 (s, 9 H), 1.93 (quin2J 7.7 Hz, 2 H), 2.60
3)7.8Hz, 2 H), 2.621, 3 7.7 Hz, 2 H), 7.12 and 7.30
(AA'BB’, 3J 8.3 Hz, 4 H); mass spectrum (E/z
(%) 289 (79, M"), 274 (100), 142 (25), 141 (18), 129
(82),128 (77), 117 (24), 111 (19), 93 (12), 92 (22), 91
(18), 57 (33); D contents (mass spectrometry): 96%
(75% d,, 22% d;, 3% d.).
1-(44ert-Butylphenyl)-3-(2,4-dimethylphenyl)pro-
pane (6)

By hydrogenolysis 081; colorless oil, bp 150 °C/
0.02 mbar.*H NMR (CDCl,): 6 1.31 (5, 9 H), 1.88
(quin, ) 7.8 Hz, 2 H), 2.24 ¢, 3 H), 2.28 §, 3 H),
2.60 ¢, 3J 7.8 Hz, 2 H), 2.66 {, 3J 7.9 Hz, 2 H),
6.92-6.95 , 2 H), 7.02-7.041fh, 1 H), 7.13 and
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7.30 (AA'BB’, 3J 8.4 Hz, 4 H); mass spectrum (EI):
m/z(%) 280 (86, M"), 265 (100), 159 (23), 133 (55),
131 (37), 119 (91), 105 (28), 91 (37), 57 (37); IR
(film): v (cm™*) 3007, 2966, 2868, 1503, 1462, 1363,
1269, 831, 817. gH,s (HRMS), calcd 280.2191,
found 280.2188.
1-(4-ert-Butylphenyl)-3-(2,4-dimethylphenyl)-
[1,1-D,]propane (6a)

By chloralane reduction &0 using LiAID,/AICI ;;
colorless oil, bp 135 °C/0.02 mbaid NMR (CDCly):
81.31(, 9H),1.87 ¢ %1 7.9 Hz, 2 H), 2.24%, 3 H),
2.28 (5, 3 H), 2.60 ¢, 3J 7.9 Hz, 2 H), 6.92—7.09n,

3 H), 7.13 and 7.31AA'BB’, 3J 8.4 Hz, 4 H); mass
spectrum (El)m/z(%) 282 (79, M*), 267 (100), 133
(75), 121 (46), 119 (99), 94 (23), 93 (16), 91 (26), 57
(45). Low amounts of elimination product(s) was
detected both byH NMR spectrum $ 1.30 (), 3.49
(d), 6.28 ¢)] and by mass spectrometryn(z 279,
264, 222). D contents (by mass spectrometry): 92%
(85% d,, 14% d, 1% d,).
1-(44ert-Butylphenyl)-3-(2,4-dimethylphenyl)-
[3,3-D,]propane (6b)

By chloralane reduction &1 using LIAID,/AICI ;;
colorless oil, bp 150 °C/0.02 mbai NMR (CDCly):
81.31(,9H),1.87 ¢ 337.8Hz, 2 H),2.24¢ 3 H),
2.28 (5, 3 H), 2.66 ¢, 2J 7.8 Hz, 2 H), 6.92—6.95n,

2 H), 7.02-7.041, 1 H), 7.13 and 7.31AA'BB’, 3J

8.3 Hz, 4 H); mass spectrum (Eln/z (%) 282 (82,
M), 267 (100), 161 (31), 135 (41), 121 (79), 119
(22), 93 (29), 91 (24), 57 (42). An elimination product
was detected in very low amounts by mass spectro-
metry (m/z279, 264, 222). D contents (mass spectro-
metry): 87% (75% ¢ 24% d, 1% d,).
1-(4+ert-Butylphenyl)-3-(2,5-dimethylphenyl)pro-
pane (7)

By catalytic hydrogenolysis &3; colorless oil, bp
120 °C/0.02 mbarH NMR (CDCly): 1.31 (s, 9 H),
1.89 (quin,2J 7.9 Hz, 2 H), 2.23¢, 3 H), 2.29 6, 3
H), 2.61 ¢, 3J 7.9 Hz, 2 H), 2.671, 3] 7.8 Hz, 2 H),
6.89-6.92 (, 1 H), 6.96 &,,, 1 H), 7.00-7.031n, 1
H), 7.14 and 7.31 AA'BB’, 3J 8.4 Hz, 4 H); mass
spectrum (El)m/z (%) 280 (64, M"), 265 (65), 145
(15), 133 (32), 131 (34), 120 (100), 119 (54), 105
(30), 91 (33), 57 (25); IR (film)¥ (cm™*) 3004, 2966,
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2868, 1503, 1462, 1363, 1268, 1108, 831, 806.
C,,H,g (HRMS), calcd 280.2191, found 280.2189.
1-(4+ert-Butylphenyl)-3-(2,5-dimethylphenyl)-
[1,1-D,]propane (7a)

By chloralane reduction &2 using LiAID,/AICI ;;
colorless oil, bp 135 °C/0.02 mbaid NMR (CDCly):
51.31(6, 9H), 1.88¢ 3J 7.9 Hz, 2 H), 2.22¢, 3 H);
2.28 (5, 3 H), 2.60 ¢, 2J 7.9 Hz, 2 H), 6.89—-6.92n,

1 H), 6.95 6, 1 H), 7.00-7.03 1, 1 H), 7.14 and
7.31 (AA'BB’, 3J 8.3 Hz, 4 H); mass spectrum (EI):
m/z (%) 282 (49, M"), 267 (62), 146 (16), 133 (56),
121 (100), 120 (40), 119 (78), 106 (22), 93 (15), 91
(29), 57 (37). Some elimination product was detected
in low amounts by mass spectrometm/¢279, 264,
222). D contents (mass spectrometry): 87% (76%0 d
22% d, 2% d,).
1-(4-ert-Butylphenyl)-3-(2,5-dimethylphenyl)-
[3,3-D;]propane (7b)

By chloralane reduction &3 using LIAID,/AICI ;;
colorless oil, bp 130 °C/0.02 mbaid NMR (CDCly):
81.31 (s, 9H), 1.88 ¢ %) 7.8 Hz, 2 H), 2.22¢%, 3 H),
2.29 (s, 3H), 2.67 ¢, 3J 7.8 Hz, 2 H), 6.90—6.92n,

1 H), 6.95 6,,, 1 H), 7.00-7.0311, 1 H), 7.14 and
7.31 (AA'BB’, 3] 8.3 Hz, 4 H), mass spectrum (EI):
m/z (%) 282 (86, M"), 267 (81), 147 (29), 145 (29),
131 (50), 122 (100), 121 (88), 105 (33), 91 (39), 57
(42). Some elimination product and a chlorinated
product were detected in low amounts by mass
spectrometry rf/z 279, 264, 222 andn/z 317/315,
302/300, respectively). D contents (mass spectro-
metry): 82% (66% ¢ 31% d, 3% d,).
1-(4-ert-Butylphenyl)-3-(2-methyl-5-
[Dslmethylphenyl)propane (7c)

By catalytic hydrogenation/hydrogenolysis2ia
colorless oil, bp 130 °C/0.02 mbaid NMR (CDCly):
81.31 (s, 9 H), 1.89 (quin2J 7.9 Hz, 2 H), 2.23 ¢,
3H),2.61¢337.9Hz, 2H),2.671( 33 7.8 Hz, 2 H),
6.89-6.92 (n, 1 H), 6.95 &, 1 H), 7.00-7.031f, 1
H), 7.14 and 7.31 AA'BB’, 3J 8.2 Hz, 4 H); mass
spectrum (El)m/z (%) 283 (51, M*), 268 (59), 159
(9), 147 (8), 145 (11), 136 (20), 135 (10), 134 (11),
133 (7), 132 (9), 123 (100), 122 (56), 121 (15), 108
(10), 105 (14), 92 (16), 91 (17), 57 (25). D contents
(mass spectrometry): 92% (80%, d.6% d,, 3% d,
1% d,).
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1-(4+tert-Butylphenyl)-3-(2,5-
di[D g]Jmethylphenyl)propane (7d)

By catalytic hydrogenation/hydrogenolysis2ib;
colorless oil, bp 130 °C/0.02 mbdid NMR (CDCly):
81.31 (6, 9 H), 1.89 (quin?J 7.8 Hz, 2 H), 2.601{

33 7.9 Hz, 2 H), 2.671, 3] 7.8 Hz, 2 H), 6.89-6.92
(m, 1 H), 6.95-6.961, 1 H), 7.00-7.021f, 1 H),
7.14 and 7.31 AA'BB’, 3J 8.3 Hz, 4 H); mass
spectrum (El)m/z (%) 286 (64, M"), 271 (73), 147
(11), 145 (14), 139 (26), 131 (32), 126 (100), 125
(63), 117 (27), 108 (15), 92 (17), 91 (20), 57 (30). D
contents (mass spectrometry): 97% (86%12% d,,
2% d,, 1% d;).

1-(4+ert-Butylphenyl)-3-(2,5-

di[D 5Jmethyl[D s]phenyl)propane (7€)

By catalytic hydrogenation/hydrogenolysis 20
colorless oil, bp 130 °C/0.02 mbaid NMR (CDCly):
81.31 (s, 9 H), 1.89 (quin?J 7.9 Hz, 2 H), 2.601
3J7.9Hz, 2H),2.6713)7.8Hz,2H),7.13and 7.30
(AA'BB’, 3J 8.2 Hz, 4 H); mass spectrum (E/z
(%) 289 (66, M), 274 (70), 142 (20), 129 (100), 128
(71), 117 (22), 111 (16), 92 (12), 91 (15), 57 (24). D
contents (mass spectrometry): 98% (84% 1% d,
2% d,, 0% d;).
1-(4+ert-Butylphenyl)-3-(2,6-dimethylphenyl)pro-
pane (8)

By catalytic hydrogenolysis d4; colorless oil, bp
145 °C/0.04 mbarH NMR (CDCly): 1.31 (s, 9 H),
1.78 (quin,®J 7.8 Hz, 2 H), 2.26 ¢, 6 H), 2.61 ¢, °J
7.8 Hz, 2 H), 2.711(, 31 7.8 Hz, 2 H), 6.97 ,,, 3 H),
7.14 and 7.31 AA'BB’, 3J 8.3 Hz, 4 H); mass
spectrum (El)m/z (%) 280 (77, M*), 265 (91), 159
(42), 145 (23), 133 (70), 131 (61), 120 (64), 119
(100), 117 (54), 105 (45), 91 (63), 77 (25), 57 (55); IR
(film): v (cm™ 1) 3025, 2966, 2871, 1509, 1466, 1362,
1268, 829, 766. GH,s; (HRMS), calcd 280.2191,
found 280.2188.
1-(4+ert-Butylphenyl)-3-(2,6-dimethylphenyl)-
[1,1-D,]propane (8a)

By chloralane reduction &4 using LiAID,/AICI ;;
colorless oil, bp 130 °C/0.02 mbaid NMR (CDCly):
81.31(,9H),1.78¢, 31 7.7Hz, 2 H), 2.26%, 6 H),
2.61(, 3J7.8Hz, 2H),6.97%,, 3H),7.15and 7.31
(AA'BB’, 3J 8.3 Hz, 4 H); mass spectrum (Ef/z
(%) 282 (57, M*), 267 (78), 160 (24), 146 (19), 133
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(86), 121 (39), 120 (32), 119 (100), 118 (44), 105
(21), 93 (15), 91 (42), 57 (53). The compound was
contaminated by-25% of an elimination productfl
NMR: 6 1.29 (5), 3.53 {d); mass spectrometryr(z
279, 264, 222)]. D contents (mass spectrometry): 85%
(74% d,, 22% d,, 4% d,).
1-(4+ert-Butylphenyl)-3-(2,6-dimethylphenyl)-
[3,3-D,]propane (8b)

By chloralane reduction &5 using LiAID,/AICI 5;
colorless oil, bp 130 °C/0.02 mbdid NMR (CDCly):
81.31(,9H),1.77 ¢ 31 7.7Hz, 2 H), 2.26%, 6 H),
2.72 ¢, 33 7.7 Hz, 2 H), 6.98%,,, 3H), 7.15 and 7.31
(AA'BB’, 3J 8.3 Hz, 4 H); mass spectrum (E/z
(%) 282 (72, M"), 267 (100), 161 (44), 147 (23), 145
(21), 135 (58), 131 (50), 122 (47), 121 (94), 117 (48),
105 (29), 93 (18), 91 (40), 57 (63). The compound
was contaminated by 20% of an elimination product
[*H NMR: & 1.32 (s), 3.57 {d); mass spectrometry
(m/z279, 264, 222)]. D contents (mass spectrometry):
93% (86% d, 14% d, 0% d,).
1-(4+ert-Butyl-2,6-dimethylphenyl)-3-phenylpro-
pane (9)

By catalytic hydrogenolysis d@7; colorless oil, bp
135 °C/0.02 mbarH NMR (CDCl,): 8 1.28 (s, 9 H),
1.79 (quin,®J 7.6 Hz, 2 H), 2.25¢, 6 H), 2.59 ¢, 3J
7.6 Hz, 2 H), 2.741, %] 7.6 Hz, 2 H), 6.99 %, 2 H),
7.19-7.31 1, 5 H); mass spectrum (Eln/z(%) 280
(68, M™), 265 (100), 175 (83), 162 (25), 145 (40),
119 (34), 105 (30), 91 (88), 57 (21). IR (filmy
(cm™ 1) 3031, 2956, 2867, 1605, 1486, 1453, 1361,
867, 744, 698. ¢H,s (HRMS), calcd 280.2191,
found 280.2194.
1-(4+ert-Butyl-2,6-dimethylphenyl)-3-phenyl-[1,1-
D,]propane (9a)

By chloralane reduction &6 using LiAID,/AICI ;;
colorless oil, bp 130 °C/0.02 mbaid NMR (CDCly):
51.28 (6, 9H), 1.78 ¢, 23 7.6 Hz, 2 H), 2.25¢, 6 H),
2.74 t, 33 7.6 Hz, 2 H), 6.99¢, 2 H), 7.20-7.291,

5 H); mass spectrum (Elin/z(%) 282 (63, M"), 267
(100), 177 (83), 161 (48), 147 (48), 120 (25), 105
(19), 91 (64), 57 (10). Some elimination product was
detected in minor amounts both By NMR and mass
spectrometry § 1.30 (s), 3.50 d) andm/z279, 264,
222]. D contents (mass spectrometry): 97% (95% d
3% d,, 2% d,).
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1-(4+ert-Butyl-2,6-dimethylphenyl)-3-phenyl-[3,3-
D,]propane (9b)

By chloralane reduction &7 using LiAID,/AICI ;;
colorless oil, bp 140 °C/0.02 mbdid NMR (CDCly):
81.28 (s, 9H), 1.77 ¢, 31 7.7 Hz, 2 H), 2.25%, 6 H),
2.56-2.62 n, 2 H), 6.99 6, 2 H), 7.19-7.291f, 5
H); mass spectrum (EI)n/z (%) 282 (54, M"), 267
(100), 175 (98), 163 (16), 159 (29), 145 (39), 119
(33), 105 (19), 93 (41), 92 (34), 91 (33), 57 (26).
Small amounts of some elimination product and a
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(AA'BB’, 3J 8.3 Hz, 4 H); mass spectrum (E/z
(%) 296 (64, M"), 281 (35), 149 (32), 136 (100), 135
(92), 117 (27), 93 (17), 91 (20), 57 (25). Some
elimination product was detected in very small
amounts by mass spectrometm/¢£293, 278, 236). D
contents (mass spectrometry): 92% (85%11% d,
1% d,).
1-(4-ert-Butylphenyl)-3-(2,4,6-trimethylphenyl)
propane (11)

By chloralane reduction af0 using LiAIH,/AICI ;;

chlorinated product were detected by mass spectro- colorless oil, bp 130 °C/0.02 mbaid NMR (CDCLy):

metry (m/z279, 264, 222 andh/z317/315, 302/300,

81.31 (s, 9 H), 1.77 (quin2J 7.7 Hz, 2 H), 2.22 ¢,

respectively). D contents (mass spectrometry): 90% 6 H), 2.23 6, 3 H), 2.60 ¢, 3J 7.7 Hz, 2 H), 2.71¢

(84% d,, 13% d, 3% d)).
1-(4+ert-Butylphenyl)-3-(2,4,5-trimethylphenyl)
propane (10)

By catalytic hydrogenolysis d@9; colorless oil, bp
135 °C/0.02 mbarH NMR (CDCly): $1.31 (s, 9 H),
1.88 (quin,2J 7.8 Hz, 2 H), 2.19¢, 3 H), 2.20 6, 6
H), 2.58 ¢, 2J 7.9 Hz, 2 H), 2.671, 3] 7.8 Hz, 2 H),
6.91 5y, 2 H), 7.14 and 7.31AA'BB’, 21 8.3 Hz, 4
H); mass spectrum (El)n/z (%) 294 (60, M"), 279
(32), 147 (41), 134 (100), 133 (80), 119 (29), 117
(29), 91 (26), 57 (22); IR (film)¥ (cm™*) 3005, 2967,
2867, 1506, 1459, 1363, 1268, 1018, 83LH;,
(HRMS), calcd 294.2348, found 294.2346.
1-(4+ert-Butylphenyl)-3-(2,4,5-trimethylphenyl)-
[1,1-D,]propane (10a)

By chloralane reduction &8 using LiAID,/AICI ;;
colorless oil, bp 130 °C/0.02 mbaid NMR (CDCly):
51.31(6, 9H),1.86¢ 3J 7.9 Hz, 2 H), 2.19¢, 3 H),
2.20 (s, 6 H), 2.57 ¢, 33 7.9 Hz, 2 H), 6.90%,,, 2 H),
7.13 and 7.30 AA'BB’, 3J 8.3 Hz, 4 H); mass
spectrum (El)m/z (%) 296 (83, M"), 281 (41), 147
(49), 135 (100), 134 (53), 133 (99), 119 (32), 117
(27), 93 (17), 91 (28), 57 (45). Some elimination

3 7.7 Hz, 2 H), 6.81 ¢ 2 H), 7.14 and 7.31
(AA'BB’, 3] 8.3 Hz, 4 H); mass spectrum (En/z
(%) 294 (100, M"), 279 (23), 174 (47), 159 (55), 147
(49), 133 (75), 117 (27), 105 (15), 91 (19), 57 (25); IR
(film): v (cm™ 1) 2965, 2868, 1513, 1483, 1464, 1363,
1268, 849, 829. Some elimination product was de-
tected in very small amounts by mass spectrometry
(m/z291, 276, 234). §H;, (HRMS), calcd 294.2348,
found 294.2344.
1-(4-tert-Butylphenyl)-3-(2,4,6-trimethylphenyl)-
[3,3-D,]propane (11b)

By chloralane reduction &f0 using LIAID,/AICI ;;
colorless oil, bp 145 °C/0.01 mbai NMR (CDCly):
81.31(,9H),1.75¢ 31 7.7 Hz, 2 H), 2.22¢, 6 H),
2.23 (6, 3H),2.70 ¢, 23 7.7 Hz, 2 H), 6.81¢, 2 H),
7.14 and 7.30 AA'BB’, 3J 8.3 Hz, 4 H); mass
spectrum (El)m/z (%) 296 (50, M*), 281 (26), 161
(60), 149 (53), 147 (53), 135 (100), 119 (30), 117
(31), 91 (31), 57 (42). The compound was contami-
nated by ~25% of some elimination product, as
detected by"H NMR and mass spectrometrg [1.32
(s), 3.55 d) andm/z293, 278, 236, respectively). D
contents (mass spectrometry): 89% (86% o d,,

product was detected in small amounts by mass 7% d,).

spectrometry fi/z 293, 278, 236). D contents (mass
spectrometry): 87% (77%.,020% d,, 3% d,).
1-(4-tert-Butylphenyl)-3-(2,4,5-trimethylphenyl)-
[3,3-D,]propane (10b)

By chloralane reduction &9 using LIAID,/AICI ;;
colorless oil, bp 140 °C/0.02 mbai NMR (CDCly):
81.31 (s, 9H), 1.87 ¢, 33 7.7 Hz, 2 H), 2.20%, 9 H),
2.66 , 23 7.8 Hz, 2 H), 6.91%,,, 2 H), 7.14 and 7.31

A4. 1-tert-Butyl-4-ethylbenzenes

1-tert-Butyl-4-ethylbenzene (12)

By catalytic hydrogenolysis of fert-butylaceto-
phenone (1.88 g, 10.7 mmol); yield 69%, colorless
liquid, bp 95 °C/44 mbar (102—-105 °C/23 mbar [27]).
H NMR (CDCl,): 81.23 ¢, 3J 7.6 Hz, 3 H), 1.315%,
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9 H), 2.62 @, 3J 7.6 Hz, 2 H), 7.14 and 7.31
(AA'BB’, 3J 8.2 Hz, 4 H); mass spectrum (Ef/z
(%) 162 (19, M"), 147 (100), 119 (17), 105 (5), 91
(16), 79 (7), 77 (5).
1-(4-ert-Butylphenyl)-[1-D,]ethanol (41)

By reduction of 4tert-butylacetophenone (7.63 g,
43.3 mmol) with LiAID,; yield 77%, colorless solid,
m, 67 °C (EtOH).*H NMR (CDCl,): 6 1.32 (5, 9 H),
1.49 (5,3 H),1.756, 1 H), 7.31 and 7.39AA'BB’,

31 8.5 Hz, 4 H); mass spectrum (Ej/z(%) 179 (22,
M), 164 (100), 161 (7), 149 (11), 146 (26), 134 (7),
122 (9), 118 (11), 106 (13), 92 (15), 91 (18), 78 (10),
77 (10), 57 (43), 43 (51).
1-tert-Butyl-4-[1-D,Jethylbenzene (12a)

By catalytic hydrogenolysis ofi1 (1.00 g, 5.58
mmol); yield 89%, colorless liquid, bp 89 °C/15-20
mbar.’H NMR: & 1.22 @dt, 3J 7.5 Hz,3J""P 1.0 Hz,
3H),1.316, 9 H), 2.57-2.65, 1 H), 7.14 and 7.31
(AA'BB’, 3J 8.3 Hz, 4 H); mass spectrum (E/z
(%) 163 (12, M"), 148 (100), 120 (20), 91 (15), 79
(9). D contents (mass spectrometry): 94%.
1-tert-Butyl-4-[1,1-D,Jethylbenzene (12b)

By chloroalane reduction of #ert-butylacetophe-
none (420 mg, 2.4 mmol) using LIAIPAICI ;; yield
71%, colorless liquid, bp 105 °C/41 mbaH NMR
(CDClg, 250 MHz): 6 1.22 (5, 3 H), 1.31 §, 9 H),
7.13 and 7.31 AA'BB’, 3J 8.4 Hz, 4 H); mass
spectrum (El)m/z(%) 164 (21, M"), 149 (100), 121
(14), 119 (6), 93 (6), 92 (5), 91 (9). Minor amounts of
the elimination product were detected by mass spec-
trometry (n/z 161, 146). D contents (mass spectro-
metry): 95% (90% d 9% d,, 1% d,).
1-tert-Butyl-4-ethyl-3-methylbenzene (13)

By catalytic hydrogenolysis of #ert-butyl-2-
methylacetophenone (1.63 g, 8.6 mmol); yield 92%,
colorless liquid, bp 102-107 °C/41 mbar (71-72 °Cl/4
mbar [28]);*H NMR (CDCl,): 6§ 1.20 ¢, 3J 7.6 Hz, 3
H), 1.30 6, 9 H), 2.30 6, 3 H), 2.59 ¢, 3J 7.6 Hz, 2
H), 7.08-7.10 n, 1 H), 7.16 &, 1 H), 7.16-7.20
(m, 1 H); mass spectrometer (En/z (%) 176 (18,
M), 161 (100), 133 (10), 115 (6), 105 (12), 91 (8).
1-(4-ert-Butyl-2-methylphenyl)-[1-D,]ethanol (42)

By reduction of 4tert-butyl-2-methylacetophe-
none (8.10 g, 42.6 mmol) with LIAIR yield 57%,
pale yellow liquid, bp 148 °C/27 mbartH NMR
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(CDCly): 61.31(,9H),1.456,3H),1.816, 1 H),
2.34 (s, 3H), 7.15 6., “J 2.0 Hz, 1 H), 7.25 ¢, 3J
8.2Hz,*J 1.8 Hz, 1 H), 7.42d, 3J 8.2 Hz, 1 H); mass
spectrum (El)m/z(%) 193 (26, M"), 178 (100), 175
(20), 160 (46), 148 (8), 134 (12), 132 (12), 120 (19),
116 (14), 115 (13), 106 (15), 105 (17), 94 (20), 92
(19), 91 (19), 78 (12), 77 (13), 57 (61), 43 (49).
1-tert-Butyl-4-[1-D,]ethyl-3-methylbenzene (13a)

By catalytic hydrogenation o#2 (1.00 g, 5.2
mmol); yield ~70%, colorless liquid, bp 96—100 °C/
27 mbar.*H NMR (CDCly): & 1.19 (quasid, 3J 7.6
Hz, 3 H), 1.30 §, 9 H), 2.30 6, 3 H), 2.54-2.631f,
1H), 7.08-7.111n, 1 H), 7.16—7.231fn, 2 H); mass
spectrum (El)m/z(%) 177 (21, M"), 162 (100), 134
(10), 105 (11), 93 (7), 91 (6), 57 (34), 56 (32), 43 (26),
41 (38). D contents (mass spectrometer): 96%.
1-tert-Butyl-4-[1,1-D,]ethyl-3-methylbenzene (13b)

By chloroalane reduction of tert-butyl-2-methyl-
acetophenone (460 mg, 2.4 mmol) using LiAID
AICI; yield 72%, colorless liquid, bp 115 °C/41
mbar.*H NMR (CDCl,, 250 MHz):8 1.19 (5, 3 H),
1.30 (5, 9 H), 2.30 6, 3 H), 7.07-7.101, 1L H), 7.15
(Spp 1 H), 7.15-7.19 1, 1 H); mass spectrum (El):
m/z (%) 178 (20, M"), 163 (100), 135 (7), 133 (6),
107 (5), 105 (7), 93 (6), 91 (4). A minor contamina-
tion by the elimination product was detected by mass
spectrometry r/z 175, 160). D content (mass spec-
trometry): 96% (92% g 8% d,, 0% d,).
1-tert-Butyl-3,5-dimethyl-4-ethylbenzene (14)

By chloroalane reduction tert-butyl-2,6-di-
methylacetophenone (500 mg, 2.4 mmol) using Li-
AlH ,/AICI 5; yield ~60%, colorless liquid, bp 130 °C/
41 mbar (125 °C/27 mbar [29])H NMR (CDCl,,
250 MHz):8 1.11 ¢, %) 7.6 Hz, 3 H), 1.29¢, 9 H),
2.32(, 6 H),2.62¢, 7.6 Hz, 2 H), 7.01%, 2 H);
mass spectrum (El)m/z (%) 190 (19, M"), 175
(100), 147 (7), 119 (7), 107 (6), 105 (4), 91 (6). Some
elimination product was detected by mass spectro-
metry (m/z188, 173).
1-(4-tert-Butyl-2,6-dimethylphenyl)-[1-D,]ethanol
(43)

By reduction of 4tert-butyl-2,6-dimethylaceto-
phenone (9.71 g, 47.6 mmol) with LiAlRyield 53%,
colorless solidm, 115 °C (EtOH)*H NMR (CDCly):
61.29 (s, 9H),1.536,3H),1.636,, 1H),2.456,
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6 H), 7.00 &, 2 H); mass spectrum (Elin/z (%) 207
(13, M™), 192 (100), 189 (23), 174 (70), 134 (13),
116 (7), 108 (10), 91 (8), 57 (30), 43 (15), 41 (12).
4-tert-Butyl-2,6-dimethyl-[ a-D,]styrene (44)

A mixture of 43 (2.0 g, 9.7 mmol), anhydrous
copper() sulfate (30 mg) and-nonane (20 mL) was
heated to reflux io3 h in a 100 mLflask equipped
with a water separator (TLC control, GEI,). The
product was separated by fractionate distillation into a
bulb containing a crystal of hydroquinone. Yield 32%,
colorless liquid, bp 80 °C/27 mbaid NMR (CDCly):
5130 (5, 9 H), 2326, 6 H), 524-5.271, 1 H),
5.49-5.51 fn, 1 H), 7.06 6, 2 H); mass spectrum
(EI): m/z(%) 189 (25, M*), 174 (100), 146 (7), 134
(14), 129 (7), 116 (7), 57 (13).
1-tert-Butyl-3,5-dimethyl-4-[1-D,]ethylbenzene
(14a)

By hydrogenation of44 (410 mg, 2.2 mmol);
colorless liquid, bp 130°C/27 mbarH NMR
(CDCly): & 1.10 (d,3J 7.6 Hz, 3 H), 1.29 ¢, 9 H),
2.32 (5, 6 H), 2.56-2.651f, 1 H), 7.02 6, 2 H); mass
spectrum (El)m/z(%) 191 (17, M"), 176 (100), 148
(13), 119 (10), 107 (11), 91 (7). D contents (mass
spectrometry): 97%.
1-tert-Butyl-3,5-dimethyl-4-[1,1-D,]ethylbenzene
(14b)

By chloroalane reduction of tert-butyl-2,6-di-
methylacetophenone (500 mg, 2.4 mmol) using Li-
AID ,/AICl 5; yield 60%, colorless liquid, bp 130 °C/
41 mbar.*H NMR (CDCls, 250 MHz): 8 1.09 s, 3
H), 1.29 5, 9 H), 2.32 §, 6 H), 7.01 6, 2 H); mass
spectrum (El)m/z(%) 192 (19, M*), 177 (100), 147
(7), 119 (5), 107 (6). Some elimination product was
detected by mass spectrometmn/¢ 189, 174). D
contents (mass spectrometry): 96% (95% 206 d,,
2% d).
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