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Abstract—Some cyclohexadienols, when heated at 220° with PyHCI, gave, through dehydration and isomerisation,
the corresponding benzene derivatives. So 2,6-dibenzyliden-cyclohexanols gave m-dibenzyl-benzenes, 2-ben-
zyliden-1-tetralols gave 2-benzyl-naphthalenes and 2,6-dicyclohexeny! cyclohexanols gave m-dicyclohexyl-ben-
zenes. The correlation between these aromatisations and those of cyclohexenone acetic acids to arylacetic acids are
here discussed. Some by-products, which were obtained in the aromatisation of 2-benzylidene-1-tetralols, are also

described.
Some cyclohexenone acetic acids 1 and some dihydro-
benzofuranones 2, when treated with pyridine hydro-
chloride! ;PyHCl), undergo aromatisation fo arylacetic
acids 3.
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The diallylic alcohol derivatives 4 and §, which were
proposed as intermediates in the aromatisation of cyclo-
hexenone acetic acids 1,> may also be thought to be the
intermediates in the dihydrobenzofuranones 2 aroma-
tisation.
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In order to test the plausibility of this hypothesis we
investigated the behaviour towards PyHCI, of some 2,6
dibenzylidene-cyclohexanols 6:

a: R=H
b: R=Cl
ec: R=NO:
d: R=CH,

6(a, b, c, d)
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and of some 2-benzylidene-1-tetralols 7

coaey

7(a,b,c,d e f)

R=H
R=pCl
R=P-NO;
R=p-CHs
R=p-CN
R=0-CHs

soa00ON

In order to complete our investigation we also included
the study of the two non-allylic isomeric dienols 8 and 9
oH OH

]
]

The dibenzylidene-cyclohexanols (two of which already
described in literature) were obtained, according to the
known procedure,’ by a NaBH, reduction of the cor-
responding dibenzylidene-cyclohexanones.

By heating these compounds for a short time at 200-
220° with PyHCl, the corresponding m-dibenzylbenzenes
10 were obtained, thus compounds 6a,® 6b° éc and 6d
gave the corresponding compounds (yield %) 10a* (45),
10b (44), tars, 10d (38).

L0Q,

10 (a, b, o)

The aromatic products 10 were purified by distillation
followed by recrystallisation and no effort was made for
the detection of possible by-products.

The behaviour of 2-benzylidene-1-tetralols 7 towards
PyHCI proved to be more complex. All the compounds 7
reported in the table many of which are already described
in literature, were obtained by NaBH, reduction of the
corresponding ketones.

It was again possible, by heating at 200-220° with
PyHCI for a short time, to obtain from the compounds
Ta, b, d, e the corresponding 2-benzylnaphthalenes 11
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Table 1. Aromatisation of 2-benzylidene-1-tetralols

TETRALOL R %mm AND
RE
7a% H 157, 220°C
77 p-C1 201, 220°C
¢ PN, 101, 210%C
24 P, 20°', 215°C
70 PN 101, 215
pis o, 20!, 215eC

PRODUCT YIELD £
1
m® 5
tars
1 3
1te 57
12 25

# Isolated as picrate

Segen

11(a, b, d, @)

in preparative yields by purification of the crude reaction
mixtures through simple recrystallisation or via picrates
(Table 1).

Nevertheless, except for 7e, several by-products were
always found together with the 2-benzyl-naphthalenes. In
particular we studied, in glc/Mass, the crude mixture
obtained from 7a. Five peaks were detected: a major
peak (B) due to 2-benzyl-naphthalene, a peak with a
shorter r.t. (A) due to a dihydrobenzyl-naphthalene, a
peak with a longer r.t. (C) isomeric to 2-benzyl-naph-
thalene but different from the 1-benzyl isomer® and, at
last, two partially superimposed peaks (D, E) identified
as E and Z isomers of 2-benzylidene-1-tetralone.

As regards the substance corresponding to peak C it
shows in the glc/MS analysis a molecular peak with a
mass corresponding to Ci,H,4. A peak with the same r.t.
and the same mass spectrum was also obtained, in small
quantities from the pyrolysis of 2-benzyl-naphthalene in
contrast with Graebe' which assigned the formula
CivHi2 to the pyrolysis product of 2-benzyl-
naphthalene."’

The glc analysis of the crude mixture showed the same
pattern already described for the crude mixture obtained
from all the other 2-benzylidene-1-tetralols (except for
7e) submitted to PyHCl treatment. The only difference
remarked is the relative heights of the peaks. In the case
of Tt (R =0-Me), the major peak noticed in the gic
analysis was the one corresponding to peak C. From
recrystallisation of the crude mixture we did not obtain
the 2-(o-methylbenzyl)-naphthalene but the substance
relative to peak C.

This compound, from the elemental analysis and NMR
spectrum, showed to be the 7H-8-methyl-5,6-dihydro-
benzo/c/fluorene 12.

12: R=CH,
13: R=H

<0

Based on the analogy of the above results the structure
of 7H - 5,6 - dihydro - benzo/c/fluorene 13 was assigned
to the substance relative to peak C of the crude mixture
obtained from 7a.

The dienols 8 and 9 were obtained in mixture by
NaBH, reduction of the known 2,6 - dicyclohexenyl -
cyclohexanone.'> After column chromatographic
separation, the drafted structures were assigned to each
substance on the basis of their NMR spectra.'

Differing from the described diallylic alcohols, much
more time is necessary to obtain the disappearance of
the starting products both for 8 and for 9, when treated
with PyHCL

From the crude mixture obtained from 9, m-dicyclo-
hexyl-benzene was separated by distillation, which showed
a single peak in gic; on the contrary a mixture, showing in
glc the presence of m-dicyclohexylbenzene in addition to
other peaks, was obtained from 8.

The reactions above described were not obvious since
the 2-benzyl-naphthalene itself was recently obtained,
starting from the alcohol 7a, in two steps i.e. hydro-
genolysis followed by dehydrogenation with Pd(C)."

From a mechanistic point of view the diallylic cyclo-
alkanols, when treated with PyHCl, undergo an easy
aromatisation via cations 14 and 15 through a double
bound isomerisation, allylic transposition and final loss
of a proton. In the more investigated case of tetralols we
also noticed a disproportionation which leads to the
dihydro derivative and to the corresponding benzylidene-
tetralones.

This fact is not surprising when we consider that these
substances are vinylogous of benzydrol, a substance in
which an acid-catalysed disproportionation has been
found and described.'

It also seems reasonable the formation of the dihydro-
benzo/c/fluorenes by intramolecular alkylation of the
cation 18.

+
JAGAS
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+

15



Aromatization of aliphatic compounds—V'

Both these side reactions are obviously favoured by
the activating substituents of the benzene nucleus and
disfavoured by the disactivating ones,'” taking therefore
into account the extreme behaviours of di-p-methoxy-
benzylidene-cyclohexanols and p - cyano - benzylidene -
tetralol respectively.

As to the greater difficulty for the aromatisation of the
two isomeric dicyclohexenyl - cyclohexanols, this seems
due to a greater difficulty in forming an initial carbonium
ion which is less stabilised than an allylic one. More
particularly the behaviour of 8 may be attributed to the
facility of this compound to undergo a transelimination
of water with formation of a trienic compound for which
the isomerisation to m-dicylohexenyl-benzene is only
one of the possible evolution pathways.

EXPERIMENTAL

M.ps were determined on a Bilchi apparatus and are uncor-
rected. IR spectra were taken with a Perkin-Elmer 257 spec-
trometer and NMR spectra with a Perkin-Elmer Hitachi R 24 (60
MHz2) spectrometer (with TMS as internal standard). Mass spec-
tra were recorded as a LKB 9000 spectrometer. Gas chromato-
graphic analyses were performed on a Perkin-Elmer F 11 ap-
paratus equipped with F.LD. and OV 17 1.5% glass column (1.2
m X4 mm #i).

The new 2,6 - dibenzyliden - cyclohexanols were obtained
from the corresponding 2,6 - dibenzylidene - cyclohexanones's
according to the procedure described.?

2,6 - Di - p - methylbenzylidene - cyclohexanol 64. Yield 78%,
m.p. 129-30° (hexane-ethyl acetate) v, (CHCl;) 3580, 3400, 1510
em™', '"H NMR (8, CDCly), 1.70 {m, 2H, -CH,-CH,-CH,), 2.0
(d, 1H, J=5Hz, -OH), 2.32 (s, 3H, Ph-CH;}, 260 (m, 4H,
~CHyCH,CHy), 465 (d, 1H, ] = SHz CHOH), 6.55 (s. 2H, 2
Ph-CH=), 7.12°(s, 8H, aromatics). (Found: C, 86.59; H, 7.93.
CuH2O requires: C, 86.80; H, 7.95%).

26 - Di - p - nitrobenzylidene - cyclohexanol 6. Yield 46%,
m.p. 151-2° (MeOH), 'H NMR (5, CDCl;), 1.30 (m, 2H, -CH,-
CHy-CHy-), 2.60 (m, 5H, -CH,-CH,-OH, and -OH}; 4.68 (s, IH,
—-(CH-OH), 6.75 (s, 2H, Ph-CH=), 7.45 (d, 4H, ] = 8Hz, aromatics),
8.23 (d, 4H, J =8Hz, o-nitro-aromatics). (Found: C, 65.30; H,
4.93; N, 7.58. CooHeN;O; requires: C, 65.56; H, 4.95; N, 7.65%).

1,3-Dibenzyl-benzenes 10. The chosen dibenzylidene-cyclo-
hexanols (0.03 moles) and PyHCI (50 g) were heated in an open
flask at 2X0° (bath temp.) for 30 min. The cooled mixture still
molten (above 120°) was poured into water. The residue which
was obtained after extraction with ethyl-ether and removal of the
solvent, was distiled and then recrystallised from a suitable
solvent,

1,3 - Dibenzyl - benzene 10a. Yield 45%, m.p. 16° (petrol-ether).
(Lit.* 16.9-17°),

13- di - p - chlorobenzyl - benzene 10b. Yield 4%, m.p. 53-54°
{petrol-ether); vy (CHCLy) 1490, 1095, 1020 cm™'; H-NMR (5,
CDCly), 3.88 (s, 4H, Ph-CH,-Ph), 7.15 {(m, 12H, arom.} (Found:
C, 1371, H, 491 C»xH,,Cl, requires: C, 73.41; H, 4.93%).

13 - Di - p - methylbenzyl - benzene 10d. Yield 38%, m.p.
44-45° (EtOH); vpx (CCL), 1600, 1510 cm'; 'H-NMR (5,
CDCly), 2.30 (s, 6H, CH;-Ph), 3.88 (s, 4H, Ph-CH-Ph), 7.08 (s,
12H, arom.). (Found: C, 91.97; H, 7.65. CxH, requires: C, 92.26;
H, 7.74%). The 2 - benzyliden - 1 - tetralols were obtained from
the corresponding 2 - benzyliden - I - tetralones'® according to
the procedure described in reference 3.

2-p - Cyano - benzylidene - 1 - tetralol Te. From 2 - p - cyano
- benzylidene - 1 - tetralone’® yield 70%, m.p. 122-24° (95°
EtOH); 'H-NMR (& CDCly), 2.80 {(m, 5H, =C-CH,-CH-C=+
-OH), 5.20 (s, 1H, CH-OH), 6.73 (s, 1H, -CH=), 7.20-7.70 (m,
8H, arom.). (Found: C, 8247; H, 579; N, 554; C,H;sNO
requires: C, 82.73; H, 5.79; N, 5.36%).

2 - 0 - Methyl - benzylidene - 1 - tetralol Tt was obtained, in
quantitative yield, from 2 - o - methyl - benzylidene - 1 -
tetralone?” as uncrystallisable material which decomposed on
heating: ‘'H-NMR confirmed its structure (8, CCly), 2.18 (s, 3H,
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Ph~CHy), 2.65 (m, SH =C-CH,-CH,-C=+0H), 4.98 (s, 1H, CH-
OH), 6.55 (s, 1H, Ph-CH=), 6.90-7.45 (m, 8H, arom.).

Glclmass analysis of the aromatisation mixture from Ta.
Compd. 7o’ (11.7 g) and PyHC1 (58 g) were heated at 220° for 15
min, the still warm mixture was poured into water and the oil
which separated, was extracted with ethyl-ether. After removal
of the solvent, the residue was distilled to give an oil (10 g), b.p.
150° (0.5 mmHg), which showed in gic/mass analysis (1.5% OV
17 on Chromosorb W 80-100 mesh, T =230°C) five peaks with
the following mass spectra:

peak A mje (relative intensity) 220 (M*, 28), 129 (100), 91 (21),

corresponding to a dihydrobenzyl-naphthalene.
peak B 218 (M*, 100), 203 (19}, 202 (24), 141 (21), 127 (5), 91
(11), corresponding to 2-benzyl-naphthalene.

peak C 218 (M*, 100), 203 (27), 202 (35), 121 (9), 108 (19), 104
(18), corresponding to TH-5,6-dihydro-
benzofc, ne.

peak D 234 (M*, 6), 216 (100), 215 (58), 205 (9), 189 (9), 121 (9),

105 (16), 78 (15) corresponding to 2-benzylidene-1-
tetralone (Z isomer).

peak E 234 (M*, 60), 216 (100), 215 (70), 206 (65, 205 (90), 191

(20), 189 (20), 178 (20), 232 (40), 105 (60), 103 (40), 91
{(23), 78 (60), corresponding to 2-benzylidene-1-tetra.
lone (E isomer).

Action of PyHCl on 2-benzylidene - 1 - tetralols 7. The chosen
benzylidene tetralo! (0.03 mol) and PyHCI (50 g) were heated in
an open flask at the temp and time reported in the Table 1. The
cooled mixture still molten (above 120°) was poured into water.
The residue which was obtained after extraction with ethyl ether
and removal of the solvent was analysed in glc on OV, column
at 230° and then recrystallised or distilled.

In the case of 11a the product was isolated, after distillation, as
picrate. The corresponding benzyl-naphthalenes were obtained
from 7a, b, ¢, d, the 7H - 56 - dihydro - 8 - methyl -
benzo/c/fluorene from 7, only tars from Te.

2 - p - Chlorobenzyl - naphthalene 11b. Glc analysis of the
crude mixture showed a major peak corresponding to B due to 2
- p - chiorobenzyl - naphthalene, a peak corresponding to A and
only traces of peaks corresponding to C, Dand E. B.p. 19° (0.5
mmHg), m.p. 50-51° (from petrol-ether) (Lit2 = 51-52°).

2 - p - Mahylbenzy! - naphthalene 11d. Gic analysis of the
crude mixture showed a major peak corresponding to B due to 2
- p - methylbenzyl - naphthalene and traces of peaks cor-
responding to C, D and E. B.p. 175° (0.5 mmHg), m.p. 54.5-56°
(from 95° EtOH) (Lit.® 55-6°).

2 - p - Cyanobenzyl - naphthalene 11e, Glc analysis of the
crude mixture showed only one peak. M.p. 111-114° from hex-
ane-EtOAc, 'H-NMR (8, CDCl), 4.18 (s, 2H, -CH,), 7.05-7.85
(m, 11H, arom.); IR, (CHC)3) 2230 cm™*. (Found: C, 88.62; H,
5.38: N, 5.88. C;gH 3N requires: C, 88.86; H, 5.39; N, 5.76%).

TH-5,6 - Dikydro - B - methyi - benzolcl/fluorene 12. The crude
mixture from 7t showed, in gic analysis, a major peak cor-
responding to C and other prominent peaks corresponding to A,
B, D and E. Two recrystallisations from hexane-EtOAc 7:3
afforded 12 (yield 25%), m.p. 137-9°; 'H-NMR (5, CDCly), 2.32 (s,
3H, CHs-Ph), 2.74 (m, 4H, CH-CH,), 3.31 (s, 2H, =C- CH-C=),
6.85-7.85 (m, TH, arom.). (Found: C, 93.06; H, 6.94. C;,H,s
requires C, 93.10; H, 6.89%).

NaBH, reduction of 2,6 - dicyclohexeny! - cyclohexanone. To a
suspension of 2,6 - dicyclohexenyl - cyclohexanone’ (6.7 g) in
MeOH (50 cc) NaBH, (about 1 g) was added, at room temp., until
no more starting product was present in tic analysis (hexane-
EtOAc 9:1).

The mixture was poured into water and extracted with ether:
after removal of the solvent the residue (6 g) showed in tlc two
spots. A column chromatographic separation on silica gel (eluent:
hexane-EtOAc 9.5:0.5) afforded two isomeric dienols 8 and 9
with R; values of 0.6 and 0.5 respectively.

(a) lar, 2a, 6 - 2,6 - yl - cyclohexanol 8 (R, =0.6;
2 g). Undistillable oil. 'H-NMR (5, CCl), 1.12 ¢s, IH, -OH),
1.46-2.20 {m, 24 H), 3.81 (s, 1H, CH-OH) 5.50 (s, 2H, CHy
CH=C); IR {CCL), ¥mex 3560 cm™". (Found: C, 82.22, H, 10.99.
CisHasO requires: C, 82.02; H, 10.84%)

On the basis of its NMR spectrum, the structure 8 was assig-
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ned. The singlet at 3.81 (~CH-OH) indicates that there is no
coupling between the carbinol methine proton and the vicinal
ones (axial-equatorial relationship).’?

) 1a, 28, 68 - 2,6 - dicyclohexenyl - cyclohexano!l 9 (R, =0.5;
1 g). Undistillable oil.

'H-NMR (8, CCly), 1.10-2.20 (m, 25 H), 3.27 (t, 1H, J =9 Hz,
CH-OH), 5.50 (s, 2H, -CH-CH=C); IR (CCLy) ¥yux 3555 cm™".
(Found: C, 82.85; H, 11.01. CisHxO requires: C, 83.02, H,
10.84%). The triplet at 3.27 with J =9 Hz relevant to the carbinol
methine proton indicates a diaxial coupling and thus a trans-
relationship between the OH and the two cyclohexeny! groups.*

m - Dicyclohexy! - benzene. Compound 9 (1 g) and PyHCI (5 g)
were heated for 6 hr at 230° until no more starting product was
present in tic (hexane-EtOAc 9:1).

The mixture was poured into water and extracted with ether:
after removal of the solvent, the residue was distilled to give
m-dicyclo-hexy! benzene, 0.5 g, b.p. 150° (0.5 mmHg) (Lit.*=
210-12, 18 mmHg); 'H-NMR (8, CDCly), 1.4-2.9 (m, 22 H),
7.0-7.4 (m, 4H, arom.).

Compound 8 (1 g) and PYHCI were treated for 6 hr at 230°; from
the mixture worked up as above, a residue was obtained which
showed in glc the presence of m-dicyclohexyl-benzene and several
other unidentified peaks. No effort was made to obtain m-
dicyclohexyl-benzene as a pure compound.
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