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The acid-catalyzed reaction of isoprene with benzene forms a more complex mixture of reaction products than
previously observed from alkylbenzenes. The formation of identified products is rationalized through existing car-
bonium ion theory. These products include 1,1-dimethylindan, the majority of the possible tetramethylhydrinda-
cenes, both hexamethyltrindans, and two isopentyltetramethylhydrindacenes. Synthesis through independent
routes provided standards for identification of products and study of intermediates.

The acid-catalyzed cyclialkylation of benzenoid hydro-
carbons is well known.22 Such reaction with isoprene is a
convenient and direct route to substituted 1,1-dimethylindans
and tetramethylhydrindacenes. While an array of products
are observed with mono- and dialkylbenzenes, the reaction
can provide a reasonably clean product or product mixture
from which several pure hydrocarbons have been isolated.2b-¢
Hydrocarbons 1, 2, and 7 were readily isolated in the current
work and appear as major peaks in the GC trace shown in
Figure 1.

Cyclialkylation products have been considered to have
potential as high-energy fuels2d:3a and source materials in
medicine3P and perfumery.4 Acetylated and nitrated deriva-
tives show musk properties.4 Acetylation also yields ketones
active as preemergence herbicides.®

The cyclialkylation of benzene with isoprene is not a useful
reaction for the preparation of 1,1-dimethylindan (1)8 in
quantity, since this is rapidly converted to the hydrindacenes
as shown in Scheme 1. Schmerling2b first observed that the
yield of 2 exceeds that of 1.

Despite the low yields of 1 and 2, we decided to use the cy-
clialkylation reaction for their preparation and a concomitant

study of the cyclialkylation process in which 1 is regarded as
an isolable but reacting intermediate.

A trial cyclialkylation reaction (procedure A) gave the ex-
pected low yields of 1 (3.5%) and 2 (9-10%). A second run
(procedure A) in which the amounts of reagents were in-
creased 20-fold showed a decreased yield of 1, which results
from the increased time necessary for addition of isoprene, and
consequent conversion of 1 to other products.

The preparation of 1 in larger quantity was required to
determine its role as an intermediate. Since increasing the
scale of the preparation was unsatisfactory, we carried out
numerous successive small runs (procedure B) involving rapid
mixing of reagents, quenching, and workup of the reaction
mixture. By this means we were able to accumulate a sub-
stantial quantity of 1.8 The other products from this prepa-
ration were thus also available for study. Distillation of the
product mixture afforded the crystalline tetramethylhy-
drindacene 2 and the crystalline as-hexamethyltrindan 7.
Preparative GC was used to isolate 6,72 9,7® and tert-butyl-
benzene (11).7> Their structures, along with those of 2 and 7,
were established by spectroscopic studies.

It is assumed that 9 is derived by an isopentenylation of 6
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Figure 1. Programmed-temperature GC of distilled cyclialkylation products.
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a, benzene, isoprene, sulfuric acid; b, isoprene, trifluoro-
acetic acid, sulfuric acid in petroleum ether; ¢, isoprene,
sulfuric acid.

with subsequent hydrogenation of the side chain through
protonation and hydride acquisition as previously observed.2¢
Once 11 had been identified, it was assumed that 6-tert-
butyl-1,1-dimethylindan (12) would be present.2¢d This was
confirmed by GC comparison (Figure 1) with authentic ma-
terial. The formation of tert-butylbenzene may be rationalized

as due to acid-catalyzed degradation of isoprene to a C,
moiety.8ab

The GC trace of the reaction product mixture from this
cyclialkylation is complex. The trace® shown in Figure 1 is
substantially more complicated than that of product mixtures
from mono- or dialkylbenzenes.?c The complexity of this
mixture and the difficulty encountered in isolating pure
compounds prompted the synthesis of 4, 5, 6, 8, and 10 to
determine whether these hydrocarbons were represented by
GC peaks of Figure 1 and whether 2, 4, 5, and 6 could serve as
reaction intermediates.

Syntheses of 2, 4, 5, and 6 involved use of the acid-catalyzed
cyclialkylation process applied to specifically prepared in-
termediates as shown in Scheme II. Amberlyst-15, a sulfonic
acid resin, was found to be the most effective and convenient
reagent for these cyclizations.1®

An added reason to synthesize 2 from the diene 13 was to
determine whether cyclization would be exclusively to 2 or the
less sterically favored 3 would result. The absorptions of the
gem-methyl groups of 2 appear at § 1.21 as a singlet. If 3 were
present in the reaction mixture, gem-methyl absorption
should be in the 6 1.3-1.4 range, as it is for the hindered methyl
groups of 7. When NMR data were obtained at intervals
during the reaction, these low-field gem-methyl absorptions
were not observed. Our GC and NMR data also indicate that
the pendant double bonds of 13 are first shifted to become
trisubstituted. This was established by comparing shift values
of vinyl and allylic protons during the course of the reaction
with those of 2-methyl-4-phenyl-2-butene.® Hence, 3 is
probably not formed and therefore not a precursor to 7.

The synthesis of 4 from 4-acetyl-6-tert-butyl-1,1-dimeth-
ylindan (14) via 1,1-dimethyl-4-hydroxymethylindan (15¢)4b
was accomplished in 20% overall yield. Gas chromatography
comparisons®® showed 4 to be one of the minor peaks of the
tetramethylhydrindacene fraction shown in Figure 1.

Cyclization®10 of 1,3-bis(3-methyl-3-butenyl)benzene (16)
prepared by the Grignard process of Theimer and Blumen-
thald gave a 1;1 mixture of 5 and 6. These were separated by
distillation.!! Comparison of the NMR spectra of 6 obtained
from cyclialkylation and 6 made by synthesis as shown in
Scheme II established the identity of the former. The purified
5 and 6 were individually mixed with the tetramethylhy-
drindacene fraction of the cyclialkylation products, and their
presence in this mixture was established by using capillary
GC.%> The order of elution and the peak ratios on the capillary
column were 6:5:4:2 (3:1:2:12).

The synthesis of s-hexamethyltrindan (8) was accomplished
as shown in Scheme III. This allowed a comparison of the GC
trace of pure 8 with Figure 1 and thus identification of another
of the GC peaks. We also synthesized 10 by acylation of 2,
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reduction of the resulting ketone, dehydration, and catalytic
hydrogenation as shown in Scheme IV.

In Figure 1, 8 and 10 show the same retention time. How-
ever, the mixture was resolved to give 8:10 (1:3) by using a
“Scot” capillary GC column.®

To establish the relationship of 1 and the tetramethylhy-
drindacenes 2, 4, 5, and 6 as intermediates to 7, 8, 9, and 10
shown in Figure 1, we sought reaction conditions not requiring
benzene as solvent. Isoprene added to a mixture of trifluo-
roacetic acid, petroleum ether, and sulfuric acid caused a
low-yield conversion of 2 to 10 and 6 to 9. In addition, it pro-
vided 7 from 4 but did not yield 7 or 8 from 5.

When isoprene was added to sulfuric acid and a solvent
(petroleum ether, cyclohexane, chlorobenzene, or meth-
anesulfonic acid) containing 2, 4, 5, or 6, no useful products
were obtained. However, treatment of isoprene solutions of
2, 4, 5, and 6 with sulfuric acid at 0 °C resulted in the forma-
tion of 7 from 4, 7 and 8 from 5, and 9 from 6. Isopentylation
of 2 under these conditions did not occur.

Chromic acid oxidation to ketones at the benzylic position!2
was used to obtain supporting evidence for the structures of
4,7,8,and 9. Of this series, 4 gave one monooxo and one dioxo
derivative. Trindan 7 would be expected to give three mono-
oxo, three dioxo, and one trioxo derivatives, whereas trindan
8 would yield one monooxo, one dioxo, and one trioxo deriv-
ative. The GC data showed the expected number of products
for 7 and 8. The oxidation of 9 yielded monooxo and dioxo
derivatives, mp 84-86 and 194-195 °C, respectively. The 'H
NMR data show that the benzylic protons of the isopentyl
group survive the oxidation.

The synthesized hydrocarbon standards 2,%% 4,% 5,9 ¢,9b
8,% and 10 were used to identify GC peaks.
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a, methallylmagnesium chloride, ether; b, %-15, cyclo-
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a, (CH,),CHCH,CCl, AICl,, CH,CH,NO,; b, (i-C,H,),AlH,
C,H,; c, Amberlyst-15, C,H.; d, H,, Pd/C, C,H,OH.

Experimental Section!?

Cyclialkylation of Benzene with Isoprene in the Presence of
Sulfuric Acid. Procedure A. To a 1-L, three-necked, round-bottom
flask equipped with stirrer and dropping funnel and cooled in an ice
bath were added 249 g (3 mol) of benzene and 50 mL (0.51 mol) of 85%
sulfuric acid followed by 68 g (1.0 mol) of isoprene in 102 g (1.3 mol)
of benzene over 16 m:in at 15-20 °C. Stirring was continued for 15 min.
The red-brown sulfuric acid layer was withdrawn, and the benzene
layer was washed with 30 mL of water, with aqueous sodium car-
bonate, and 2 X 50 ml of water, and dried (MgSQ4). Concentration
and distillation gave 1 (3.5%).

A second run was made with the scale increased 20-fold and the
addition time increased from 16 to 135 min. Distilled product con-
sisted of 100 g (2.3%) of 1, 305 g (9.5%) of crude 2, a liquid fraction
weighing 216 g, and a final fraction (178 g, 6%), bp 160-220 °C (1 mm),
of mainly 7.

Procedure B. A 5-L, indented, round-bottom flask equipped with
a dropping funnel, Lightnin XP stirrer, and turbine stirring paddle
was cooled to 10 °C in a stirred ice-water-salt bath, and 950 g (12.2
mol) of benzene and 100 mL of 97% sulfuric acid were added. Isoprene
(286 g, 4.77 mol) diluted with 492 g (6.3 mol) of benzene was then
added as rapidly as the temperature increase permitted (max 20 °C).
The total addition time was 3-5 min. The stirrer was stopped and the
flask contents were rapidly pumped with a Randolph Model 610
peristaltic pump into a 12-L separatory funnel. After 10 min, the lower
“red oil” layer was drained off and the separatory funnel contents were
then poured directly onto anhydrous sodium carbonate. The dried
material was filtered, combined with that from other runs, and dis-
tilled to give 1, 2, and 7 in 8, 7, and 13% yields, respectively.

1,1-Dimethylindan (1)® was redistilled: bp 73 °C (3 mm) (lit.!4
189-191 °C); mass spectrum (70 eV) m/e (rel intensity) 146 (M, 13)
132 (5), 131 (100), 116 (8), 115 (13), 91 (15); 'TH.NMR (CCly) 5 7.05 (s,
4, ATH), 2.85 (t, 2, ArCHy-), 1.88 [t, 2, ArC(CH2)sCHa-], 1.24 [s, 6,
ArC(CHjg)s-].
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A higher boiling fraction (bp 120-160 °C at 1 mm) yielded solid
1,1,5,5-tetramethyl-s-hydrindacene (2) which was filtered out and
recrystallized from petroleum ether:13 mp 95-96 °C (lit.22 91-93 °C);
mass spectrum (70 eV) m/e (rel intensity) 214 (M*, 15), 200 (17), 199
(100), 143 (24), 128 (8), 92 (10); TH NMR (CCly) § 6.79 (s, 2, ArH), 2.79
(t, 4, ArCHo-), 1.86 [t, 4, ArC(CH3)2CH-], 1.21 [s, 12, ArC(CHg)o-].

Anal. Caled for CigHap: C, 89.65; H, 10.35. Found: C, 89.61; H,
10.40.

The second fraction (bp 160-220 °C at 1 mm) yielded crystalline
1,1,4,4,9,9-hexamethyl-as-trindan (7). Recrystallization from 95%
ethanol, acetone, and petroleum ether!® and chromatography on
acidic alumina with petroleum ether'® gave pure 7: mp 108-110 °C;
mass spectrum (70 eV) m/e (rel intensity) 282 (M*, 20), 268 (76), 267
(100), 211 (24), 181 (9), 126 (11); TH NMR (CCly) 6 2.81 (t, 2, ArCHo-),
2.69 (t, 4, ArCHy-), 1.81 (t, 6, ArCH;CHo-), 1.39 [s, 12, ArC(CH3z)o-],
1.29 [s, 6, ArC(CH3)q-].

Anal. Caled for Co1Hsg: C, 89.29; H, 10.71. Found: C, 89.50; H,
10.70.

Preparative GC Purification of 1,1,7,7-Tetramethyl-s-hy-
drindacene (6) and 4-Isopentyl-1,1,7,7-tetramethyl-s-hy-
drindacene (9). A liquid tetramethylhydrindacene fraction subjected
to preparative GC separation’ gave crystalline 6. Recrystallization
from acetone and then with cold ether gave pure 6: mp 60-61 °C (lit.4d
45-47 °C); mass spectrum (70 eV) m/e (rel intensity) 214 (M*, 20),
200 (18), 199 (100), 143 (26), 41 (11), 29 (11); 'H NMR (CCly) 6 6.84
(s,1,ArH), 6.75 (s,1,ArH), 2.76 (t,4,ArCHo-), 1.85 [t,4, ArC-
(CHg)zCHz—], 1.21 [S, 12, AI‘C(CHg)Q—].

Anal. Caled for CigHgo: C, 89.65; H, 10.35. Found: C, 89.56; H,
10.33.

The fraction (bp 120-160 °C, 1 mm) containing the tetrameth-
ylhydrindacenes was dissolved in petroleum ether'3 and flushed
through layers of silica gel, basic alumina, and acidic alumina until
a colorless solution was obtained. Concentration followed by pre-
parative GC2 separated 9 from the mixture as a yellow oil with 10%
impurity. Hydrocarbon 9 slowly crystallized from the oil. Recrystal-
lization from petroleum ether!? gave waxy crystals of 9: mp 46-47 °C;
mass spectrum (70 eV) m/e (rel intensity) 284 (M*, 13) 270 (22), 269
(100), 243 (28), 241 (34), 229 (23); TH NMR (CCly) 6 8.58 (s, 1, ArH),
2.76 (t, 4, ArCHs-), 2.40 (t, 2, ArCHj-), 1.86 [t, 4, ArC(CH3)oCHg-],
1.63 [m, 1, (CH3)oCH-], 1.45 [m, 2, ArCH2CH,CH(CH3)4}, 1.20 [s, 12,
AI‘C(CHa)Q—], 0.96 [d, 6, (CHg)QCH—]

Anal. Caled for Ca1Hass: C, 88.66; H, 11.34. Found: C, 88.71; H,
11.31.

Chromic Acid Oxidation of 1, 2, 6, 7, and 9. Chromic acid oxi-
dation in acetic acid gave the previously described monoketones from
1, 2, and 6.2 Chromic acid oxidation of 7 gave a mixture of ketones
which showed seven GC9 peaks (three monoketones, three diketones,
and one triketone are possible). Preparative GC7¢ and recrystallization
from petroleum ether!? gave a monoketone: mp 136-138 °C; IR (KBr)
1700 em~1 (C==0); 1H NMR (CCly) 6 2.73 (t, 4, ArCHs-), 2.41 (s, 2,
ArCOCH,-), 1.92 (t, 4, ArCH,CH»-), 1.53, 1.45, and 1.40 [3, s, 18,
ArC(CHj)2-].

Oxidation of 9 gave two products (mono- and diketone) separated
by preparative GC.”®» NMR studies showed that the side chain was
not attacked in the oxidation. The monoketone from 9 showed mp
84-86 °C; IR (KBr) 1697 em~! (C==0); mass spectrum (70 eV) m/e
(rel intensity) 298 (M, 20), 256 (20), 255 (100), 242 (50), 227 (53), 43
(16); 'H NMR (CCly) 6 6.91 (s, 1, ArH), 2.96, 2.82 (t, 4, ArCHy-), 2.41
(s, 2, ArCOCHy-), 1.91 (t, 2, ArCH,CHy-), 1.70 [m, 1, (CH3)s -
CHCHQ—], 1.37 [S, 6, Al'C(CHa)z—], 1.35 [t, 2, (CH3)2CHCH2—], 1.27
[S, 6, ATC(CHS)Q‘-], 1.02, 0.92 [d, 6, (CHa)zCH—].

Anal. Caled for Co H3nO: C, 84.51; H, 10.13. Found: C, 84.39; H,
10.30.

The diketone from 9 showed mp 194-195 °C; IR (KBr) 1695 cm™!
(C=0); mass spectrum (70 eV) m/e (rel intensity) 312 (M+, 28), 270
(23), 269 (100), 257 (17), 256 (87), 241 (42); 'TH NMR (CCly) 6 7.22 (s,
1, ArH), 3.30 (t, 2, ArCH2-), 2.49 (s, 4, ArCOCH,-), 1.70 [m, 1,
(CH3)e:CHCHy-|, 1.42 [s, 12, ArC(CH3)2-], 1.30 {t, 2, (CH3)o:CHCH],
1.01-0.92 [d, 6, (CHy).CH-.

Anal. Caled for Cy1Hg309: C, 80.73; H, 9.03. Found: C, 80.63; H,
9.17.

Synthesis of 1,1,5,5-Tetramethyl-s-hydrindacene (2) and At-
tempted Synthesis of 1,1,8,8-Tetramethyl-as-hydrindacene (3).
1,4-Bis(3-methyl-3-butenyl)benzene (13) was prepared3d from 1,4-
bis(chloromethyl)benzene and methallylmagnesium chloride. Dis-
tillation of the product gave 20% yield of 13: bp 85 °C (0.1 mm); mass
spectrum (70 eV) m/e (rel intensity) 214 (M™, 5), 159 (100), 104 (30),
91 (20), 55 (32), 29 (19); 'H NMR (neat) 6 6.97 (s, 4, ArH), 4.71 (s, 4,
vinyl), 2.82-2.54 (m, 4, ArCH,), 2.38-2.08 (m, 4, ArCH-CH,), 1.67 (s,
6, CH3C(=CHy)-].

Eisenbraun et al.

Anal. Calcd for CygHge: C, 89.65; H, 10.35. Found: C, 89.43; H,
10.50.

The diene 13 (1 g) was cyclized by heating at reflux temperature
in 50 mL of cyclohexane containing 1 g of Amberlyst-15. The product
was recrystallized and shown by GC, NMR, and melting point of an
admixture to be identical with 2 from the cyclialkylation of ben-
zene.

Synthesis of 3,3,6,6-Tetramethyl-as-hydrindacene (4). 4-
Acetyl-6-tert-butyl-1,1-dimethylindan (14)!> was oxidized with
NaOBr in dioxane®® to the carboxylic acid 15a in 93% yield: mp
191-192 °C (lit.4» 190.5-192 °C); 'TH NMR (CCly) 6 11.22 (s, 1, COOH),
7.84,7.22 (s, 2, ArH), 3.23 (t, 2, ArCHy-), 1.93 (t, 2, ArCH,CH»-), 1.36
(s, 9, tert-butyl), 1.27 [s, 6, ArC(CHjs)o-]. The acid 15a was de-tert-
butylated in 92% yield as previously described.4® Recrystallization
from petroleum ether!3 gave 1,1-dimethylindan-4-carboxylic acid
(15b): mp 145-146 °C (lit.%b 145-147.6 °C); 1H NMR (CCly) 6 12.43
(s, 1, COOH), 7.80 (m, 1, ArH), 7.12 (s, 2, ArH), 3.29 (t, 2, ArCH,-),
1.93 (t, 2, ArCH;CH;-), 1.26 [S, 6, ATC(CH;;)Q—]‘

A sample of 15b was esterified with ethanol: mass spectrum (70 eV)
m/e (rel intensity) 218 (M™, 32), 203 (100), 131 (33), 129 (30), 128 (29),
15 (29); TH NMR 6 7.67 (center of m, 1, ArH), 7.12 (s, 1, ArH), 7.07
(center of m, 1, ArH), 4.23 (q, 2, CH3CH,-), 3.20 (t, 2, ArCH>-), 1.88
(t, 2, ArCH;CH,-), 1.35 (t, 3, CH3CHo-), 1.22 [s, 6, ArC(CHz)o-].

Anal. Caled for C14H1802: C, 77.03; H, 8.31. Found: C, 76.89; H,
8.34.

This ester gave a single GC peak.%2 :

Into a 5-L flask equipped with stirrer, thermometer, addition
funnel, reflux condenser, heating mantle, and nitrogen flush were
placed 700 mL of dry benzene and 260 g (1.9 mol) of diisobutylalu-
minum hydride. The solution was heated to reflux and a solution of
76 g (0.4 mol) of 15b in 700 mL of benzene was added over 80 min. The
product was cooled and poured onto ice, the mixture stirred, and the
pH adjusted to ca. 3 with HCL. Ether extraction, drying (MgSQy), and
concentration yielded 65 g (93%) of 4-hydroxymethyl-1,1-dimethyl-
indan (15¢): bp 100-101 °C (0.5 mm); mass spectrum (70 eV) m/e (rel
intensity) 176 (M*, 22), 161 (100), 143 (59), 131 (36), 128 (27), 91 (27);
H NMR (CCly) 5 6.88 (s, 3, ArH), 4.28 (s, 2, ArCH,0H), 3.84 (s, 1,
OH), 2.70 (t, 2, ArCHy-), 1.81 (t, 2, ArCH,CH,-), 1.18 [s, 6,
AI‘C(CH3)2—].

In a small flask equipped with a sintered-glass bubbling tube and
an exit tube was placed 17.9 g (0.1 mol) of 15¢ and the contents were
heated to 110 °C. Anhydrous HBr was slowly bubbled through the
liquid with periodic shaking over 2 h. The reaction mixture was poured
into water, stirred, extracted with ether, dried (MgS0y,), and con-
centrated to give 23 g of crude, lachrymatory brown liquid. Distillation
yielded 20 g (84%) of colorless 4-bromomethyl-1,1-dimethylindan
(15d): bp 110-113 °C (0.4 mm); NMR (CCly) 4 6.93 (s, 3, ArH), 4.30
(s, 2, BrCH.-), 2.87 (t, 2, ArCH,-), 1.90 [t, 2, ArCH,CH,-), 1.21 [s, 6,
APC(CHg)Q—].

A flask equipped with addition funnel, mechanical stirrer, con-
denser, and nitrogen flask was charged with 5.3 g (0.22 mol) of mag-
nesium turnings and 60 mL of ether. To this was added a crystal of
iodine followed by 1 mL of redistilled methallyl chloride. While the
mixture was cooled with an ice bath, an additional 18 mL (0.16 mol)
of methallyl chloride dissolved in 90 mL of dry ether was added over
a 1-h period. The gray slush that resulted was stirred at room tem-
perature for 3 h and then brought to reflux. A solution of 19.8 g (0.083
mol) of 15d dissolved in 60 mL of ether was added during 1 h. Reflux
was continued for 4 h. The reaction mixture was cautiously decom-
posed with saturated NH,4Cl solution. The resulting mixture was
extracted with ether, dried (MgSQy), and concentrated to give 16 g
of yellow oil. Distillation yielded 6.6 g (38%) of colorless 4-(3-
methyl-3-butenyl)-1,1-dimethylindan (15€): bp 80 °C (0.2 mm); mass
spectrum (70 eV) m/e (rel intensity) 214 (M, 10), 199 (35), 159 (100),
158 (77), 143 (36), 129 (34), 128 (31); NMR (CCl,) 6 6.80 (m, 3, ArH),
4.63 (s, 2, vinylic CHy), 2.89 (t, 2, ArCHo- of ring), 2.82-2.05 (m, 4,
ArCH;CHg- of chain), 1.86 (t, 2, ArCHy,CH,- of ring), 1.73 (s, 3,
CH3—), 1.21 [S, 6, Al‘(CHg)z—].

Anal. Caled for CigHao: C, 89.65; H, 10.35. Found: C, 89.61; H,
10.33.

Cyclization of 2.7 g (0.012 mol) of 15e as described for 13 gave 2.6
g of crude 4. Recrystallization from cold methanol yielded 2.1 g (78%):
mp 35-36 °C; mass spectrum (70 eV) m/e (rel intensity) 214 (Mt, 15),
200 (18), 199 (100), 143 (26), 128 (11), 41 (10); 'H NMR (CCly) 6 6.75
(s, 2, ArH), 2.72 (t, 4, ArCH,-), 1.89 (t, 4, ArCH,CH,-), 1.22 [s, 12,
AI‘C(CH3)2—].

Anal. Caled for CigHgg: C, 89.65; H, 10.35. Found: C, 89.40; H,
10.51.

Synthesis of 1,1,6,6-Tetramethyl-as-hydrindacene (5) and
1,1,7,7-Tetramethyl-s-hydrindacene (6). 1,3-Bis(3-methyl-3-
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butenyl)benzene (16) was prepared*d from 1,3-bis(chloromethyl)-
benzene and methallylmagnesium chloride. Distillation of the product
gave a 80% yield of 16: bp 95-99 °C (0.2 mm); 'H NMR (CCly) &
7.17-6.73 (m, 4, ArH), 4.70 (s, 4, vinylic CHy), 2.82-2.52 (m, 4,
ArCHz-), 2.33-2.05 (m, 4, ArCH;CH;-), 1.67 (s, 6, CH3-).

Cyclization was accomplished by adding 29 g of 16 to 120 mL of
refluxing cyclohexane containing 5 g of dried A-15. Reflux was con-
tinued for 30 min and the mixture filtered and concentrated to give
28.3 g of 5 and 6 as a 1:1 mixture, Distillation!! effected separation
of 5 from 6. An early fraction collected at 42 °C (0.3 mm) was identical
in NMR spectrum with 6 obtained from the cyclialkylation reaction.
This fraction crystallized upon cooling. A late fraction containing 5
did not crystallize: bp 66 °C (0.3 mm) (lit.*¢ 100-105 °C, 0.5 mm); 'H
NMR (CCly) 5 6.74 (s, 2, ArH), 2.75 (t, 4, ArCH»-), 1.84 (t, 4,
ArCH,CH,-), 1.27 [s, 6, ArC(CH3)s-], 1.20 (s, 6, ArC(CHj3)o-].

Synthesis of 1,1,4,4,7,7-Hexamethyltrindan (8). The tribromide
17 was prepared from trimethyl 1,3,5-benzenetricarboxylate using
a previously described procedure.!® The tribromide 17, mp 99-100
°C (lit.16 97-99 °C), NMR (CCly) § 7.22 (s, 3, ArH) and 4.34 (s, 6,
-CHs-),was converted to 18 in 18% yield using the procedure for the
preparation of 15e. The 1,3,5-tris(3-methyl-3-butenyl)benzene (18)
was separated from an accompanying diene by distillation: bp 127 °C
(0.2 mm); mass spectrum (70 eV) m/e (rel intensity) 282 (M+, 16), 227
(94), 226 (44), 171 (100), 129 (31), 41 (40), 29 (39); 'H NMR (CCl,) 6
6.67 (s, 3, ArH), 4.63 (s, 6, vinylic CH,), 2.78-2.05 (m, 12, ArCHCHy-),
1.72 (s, 9, CH3-).

Anal. Caled for Co1Hsg: C, 89.29; H, 10.71. Found: C, 89.37; H,
10.69.

Cyclization of 2.8 g (0.01 mol) of 18 as described for 15e gave 2.8 g
of solid. Recrystallization from petroleum ether!? yielded 2.0 g (67%)
of 8: mp 238-239 °C; mass spectrum (70 eV) m/e (rel intensity) 282
(M, 12), 268 (20), 267 (100), 211 (10), 166 (7); 1H NMR (CCl,) 6 2.82
(t, 6, ArCHy-), 1.82 (t, 6, ArCH,CH,-), 1.25 [s, 18, ArC(CHj3)o-].

Anal. Caled for C1Hso: C, 89.29; H, 10.71. Found: C, 89.10; H,
10.56.

Synthesis of 4-Isopentyl-1,1,5,5-tetramethyl-s-hydrindacene
(10) from 2. Friedel-Crafts acylation of 2 using 3-methylbutyryl
chloride in nitroethane yielded 4-(3-methylbutyryl)-1,1,5,5-tetra-
methyl-s-hydrindacene (19a) as a white solid: mp 62-64 °C; mass
spectrum (70 eV) m/e (rel intensity) 298 (M*, 21), 283 (61), 242 (19),
241 (100), 57 (19), 41 (19); 'H NMR (CDCly) § 6.92 (s, 1, ArH),
2.65-2.90 [m, 6, ArCH,- and ArC(=0)CH;-], 2.35 [m, 1, (CH3)s-
CHCH2-), 1.9 (t, 2, ArCH,CH,-), 1.86 (t, 2, ArCH;CH,-), 1.23 |s, 6,
ArC(CHj)o-], 1.21 [s, 6, ArC(CHj3)o-], 1.02 [d, 6, (CH;3)sCH-|.

Anal. Caled for Cg;H300: C, 84.51; H, 10.13. Found: C, 84.40; H,
9.92.

Reduction of 19a using diisobutylaluminum hydride as described
above provided the alcohol 19b in 87% yield: mp 83-86 °C; mass
spectrum (70 eV) m/e (rel intensity) 300 (M*, 21), 282 (25), 267 (31),
243 (100), 187 (12), 143 (11); TH NMR (CDCl;) 6 6.82 (s, 1, Ar), 5.25
, of d, 1, ArCHOHCH,-), 3.10 (t, 1, ArCH,CH,-), 3.02 (t, 1,
ArCH,CHs-), 2.75 (t, 2, ArCHyCHy-), 2.06 [m, 2, (CHjy)o-
CHCH,CHOH-], 1.86 (t, 4, ArCH,CH;-), 1.63 (s, 1, ROH), 1.38 [s,
3, ArC(CHj)e-], 1.36 [m, 1, (CH3)oCHCH,-], 1.34 [s, 3, ArC(CH3)
(CHa)-1, 1.19 [s, 6, ArC(CH3)(CH3)-], 0.99 (d, 3, CH3CHCH;3-), 0.97
(d, 3, CHsCHCHj;-).

Anal. Caled for Cy H3:0: C, 83.94; H, 10.73. Found: C, 83.81; H,
10.90.

Amberlyst-1510 in boiling benzene was used in the dehydration of
19b. The reaction was indicated by GC to be complete after 10 min.
The mixture containing 19¢ was isolated and hydrogenated at at-
mospheric pressure in 95% ethanol using 5% Pd/C catalyst. Filtration,
extraction, and distillation provided pure 10: mp 65-67 °C; mass
spectrum (70 eV) m/e (rel intensity) 284 (M, 12), 269 (100), 211 (40),
197 (52), 183 (36), 165 (40); 'H NMR (CDCl;) § 6.75 (s, 1, ArH), 2.75
(t, 4, AI‘CHQCHQ—-), 2.5-2.65 (m, 2, AI‘CHQCHQ—), 1.87 (t, 4,
ArCH,CH,-), ~1.5 [m, 3, (CH3);CHCH,CH,-|, 1.33 [s, 6, ArC-
(CH3)s-], 1.18 [s, 6, ArC(CHj3)e-}, 0.95 [d, 6, (CH3),CH-].

Anal. Caled for Co;Hso: C, 88.66; H, 11.34. Found: C, 88.79; H,
11.25.

Exhaustive Isoprene Treatment of the Tetramethylhy-
drindacenes. Procedure C. To a 50-mL, indented, three-neck flask
equipped with addition funnel, thermometer, and Teflon-coated
magnetic stirring bar was added 0.001 mol of hydrocarbon dissolved
in 3.4 g (0.05 mol) of isoprene.!® The mixture was stirred and cooled
to 0 °C. Sulfuric acid (1 g) was added dropwise while the temperature
was maintained below 10 °C. The flask contents were poured onto
anhydrous NagCOg, diluted with petroleum ether,!3 and analyzed by
GC.%

Procedure D. Alternatively, trifluoroacetic acid (TFA) and pe-
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troleum ether were used as solvents. For this procedure, based on
0.001 mol of hydrocarbon, 40 mL of TFA, 6 g of sulfuric acid, and 6
mL of petroleum ether!3 were mixed and cooled to 10 °C. A solution
of 0.7 g (0.01 mol) of isoprene dissolved in 14 mL of petroleum ether!3
was added with stirring. The temperature was maintained below 20
°C during the addition.

A. 1,1-Dimethylindan (1). The above procedures C and D were
applied to 1 in order to obtain products for a comparison with those
of the benzene-isoprene cyclialkylation carried out in excess benzene.
These processes both gave the same array of cyclialkylation products
but more polyisoprene resulted from procedure C.

B. 1,1,5,5-Tetramethylhydrindacene (2). The tetramethylhy-
drindacene 2 was treated with isoprene (procedure C) but this reaction
failed to provide detectable amounts of 7, 8, or 10. However, procedure
D gave a product with GC retention time® identical with that of 10,
Procedure D also yielded a diisopentylation product believed to be
derived from 10.

C. 3,3,6,6-Tetramethyl-as-hydrindacene (4). Procedures C and
D applied to 4 caused low conversion to a product having the same
retention time® as the hexamethyltrindan (7).

D. 1,1,6,6-Tetramethyl-as-hydrindacene (5). Procedure C
provided the hexamethyltrindans 7 and 8 in the ratio 1:4.

E. 1,1,7,7-Tetramethyl-s-hydrindacene (6). Procedures C and
D caused conversion of 6 to 9. Procedure D produced the higher
yield.
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Internal Acid Catalysis in the Formation of Imines from
Isobutyraldehyde and Monoprotonated Diamines!
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The reactions of isobutyraldehyde with diamines of the type MesN(CH;), NH; where n = 2, 3, 4, and 5 have been
studied at various pHs by stopped-flow spectrophotometry. A small amount of aldehyde disappears in an equilibri-
um process whose rate is too fast to measure. Rough equilibrium constants for this rapid reaction (K,) are deter-
mined in the various runs. The K values at various pHs are resolved into Kc,, the equilibrium constant for forma-
tion of the carbinolamine i-PrCH(OH)NH(CH2),NMe,, and K can, the equilibrium constant for formation of the
protonated carbinolamine i-PrCH(OH)NH(CH;), NHMeo*. Also determined in the various runs are the equilibri-
um constants for a slower reaction (Ky), in which equilibrium is not established until about 5-50 s. These are re-
solved into values of Kj, the equilibrium constants for formation of carbinolamine and imine, and K;ch. In all cases
Kich covers the formation of protonated carbinolamine and the protonated imine i-PrCH=N(CH;), NHMe,*.
However, when monoprotonated 2-dimethylaminoethylamine is the reactant much of the product is probably the
1,1-dimethyl-2-isopropylimidazolidinium ion, and when monoprotonated 3-dimethylaminopropylamine is the
reactant an analogous six-membered ring heterocyclic cation is probably formed to a significant extent. Approxi-
mate first-order rate constants for dehydration of the carbinolamine mixtures are determined in individual runs.
The rate constants obtained at various pHs are resolved into k.., the rate constant for dehydration of the unproton-
ated carbinolamine, and k., the rate constant for dehydration of the protonated carbinolamine. In the case of 2-
dimethylaminoethylamine there is also a significant term for catalysis of dehydration of the protonated carbi-
nolamine by the unprotonated diamine. The products Kcakco and Kcankch are reliable second-order rate constants
for imination of the aldehyde by the unprotonated and monoprotonated diamine, respectively. The former values
give a satisfactory fit to a logarithmic plot against the pK.s of the protonated primary amino groups that includes
data on a number of primary monoamines. The values of Kcankcn for 2-dimethylaminoethylamine and 3-dimeth-
ylaminopropylamine are too large by about 7000-fold and 100-fold, respectively, to fit the plot. These deviations
are attributed to internal acid catalysis of the dehydration of the intermediate protonated carbinolamine by the
dimethylammonio substituent group.

The formation of an imine from an aldehyde or ketone
and a primary amine in neutral or basic solution ordinarily
involves the reversible formation of a carbinolamine, which,
in the rate-controlling step, loses a hydroxide ion to give an
iminium ion, whose equilibration with the corresponding
imine is established very rapidly.23 This loss of hydroxide ion
is uncatalyzed in strongly basic solution but becomes acid
catalyzed as the pH is lowered. Nevertheless, increases in the
acidity of the reaction solution do not necessarily increase the
rate of iminium ion formation, because they decrease the
fraction of the amine present in the reactive (unprotonated)
form. We thought that relatively rapid iminium ion formation
under mild conditions, which is desirable in bifunctional
catalysts that are being investigated in this laboratory,* could
be achieved by internal acid catalysis. We have therefore in-
vestigated imine formation from isobutyraldehyde and
w-dimethylaminoalkylamines and learned that with mono-
protonated forms of such diamines there may be internal acid
catalysis of the dehydration of the intermediate carbinolamine
(eq 1). After this work was completed, similar internal acid

RCHO + H,N~NHMe," == RCHNH
H

\\
\

HNMeo
AR
+
RCH=I}IH
H.0 + NMe;,

oy

catalysis in iminium ion formation from acetone and various
monoprotonated diamines was discovered.5®

Results

Equilibrium Constants for Carbinolamine and Imine
Formation. Stopped-flow mixing of aqueous solutions of
isobutyraldehyde and amines of the type MeoN(CH3),,NH;
where n = 2, 3, 4, and 5 showed that a small but significant
amount of the aldehyde was used up in an equilibrium process
that was too fast to measure and that a larger amount of al-



