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Abstract: Dehydration of 1-allyl-1,2-dimethyl-2-hydroxydihydronaphthalene with phosphorus oxychloride or thionyl chlo-
ride in pyridine gives a quantitative yield of 1-methyl-2-(3-butenyl)naphthalene, while dehydration of the 1-(trans-2-bute-
nyl) analogue gives 1-methyl-2-(2-methyl-3-butenyl)naphthalene. These products are considered to arise via formation of
seminaphthalenes (2-methylene-1,2-dihydronaphthalenes), which then undergo very rapid Cope rearrangements. Dehydra-
tion of 2-allyl- and 2-(trans-2-butenyl)-1,2-dimethyl-1-hydroxydihydronaphthalenes gives, in addition to the products which
would be expected to arise by formation of the seminaphthalenes, the products which were obtained from rearrangement of
the 1-allyl and 1-(2-butenyl)seminaphthalenes. These products were considered to arise from Wagner-Meerwein rearrange-
ments in naphthalenyl carbonium ions. Dehydration of 1-benzyl-1,2-dimethyl-2-hydroxydihydronaphthalene gives the de-
sired seminaphthalene, 1-benzyl-1-methyl-2-methylenedihydronaphthalene, which is thermally stable at 100 °C, or at 80 °C
in the presence of strong base. On thermolysis at 165 °C, the seminaphthalene isomerizes via a formal [1,3] shift of a benzyl
group, which is considered to proceed by a free radical chain reaction. No evidence for a Cope migration of a benzyl group is

found in this reaction.

The von Auwers rearrangement of a substituent from
C-4 to the exocyclic methylene group of a “semibenzene’
(e.g., 1 — 2) was first observed some 70 years ago.! Interest
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in the mechanism of these rearrangements has increased in
the past decade. Recent work has demonstrated that migra-
tions of methyl,2 benzyl,> and trichloromethyl* groups in
p-semibenzenes proceed via intermolecular paths, most
probably by free radical chain processes. Miller and Lai?
showed that migration of the allyl group in semibenzene 3
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proceeds entirely by a path involving free allyl radical inter-
mediates, rather than by sequences of [3,3] shifts or a single
[1,5] shift,

In contrast to the rearrangements of p-semibenzenes,
which occur fairly frequently, examples of rearrangements
of *“o-semibenzenes” (1-methylene-2,4-cyclohexadienes)
are rare. Newman and Wood> reported that reaction of cy-
clohexadienone 4 with phosphorus pentachloride gives the
aromatic product §, presumably by way of an intermediate
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o-semibenzene. Gilgen, Zsindely, and Schmid® found that
reaction of cyclohexadienone 6 with triphenylmethylene-
phosphorane gave the allene 7, presumably via a [3,3] sig-
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matropic shift. However, Jaeger” reported that semibenzene
8 rearranged in benzene at 55 °C via an apparent thermal
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[1,3] hydrogen shift, rather than a [3,3] migration of the
acetoxy group.

Several questions in regard to possible migrations of allyl
and benzyl groups in o-semibenzenes aroused our interest.
(1) In the possible competition between free radical and
[3,3] migrations of allyl groups, which would win out? (2)
Allyl groups in o-cyclohexadienones (such as 9) migrate

L
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predominantly to C-4 rather than to oxygen,® even though
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migration to oxygen gives by far the more stable product.
The reason for this behavior is not known. Which type of
reaction would be expected to occur in the corresponding
rearrangement of an o-semibenzene? (3) Cope rearrange-
ments requiring participation of an aromatic ring, rather
than a double bond, do not normally occur. At exceptionally
high temperatures in the presence of strong basic catalysts,
products corresponding to those of Cope rearrangements
have been obtained,® but the mechanisms of these reactions
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are still open to question. Could such Cope rearrangements
of aromatic structures be observed in the rearrangement of
an o-semibenzene, in which a new aromatic ring is being
produced as the old one is being disrupted?

These results of earlier studies®¢ suggested that o-semi-
benzenes with allyl or benzyl groups at C-6 would be ex-
tremely difficult to isolate. We therefore directed our ef-
forts toward the preparation of o-seminaphthalenes, in the
expectation (partially realized) that these would be more
stable entities.

Allyl Migrations in o-Seminaphthalenes

Methyllithium added normally to the carbonyl groups of
naphthalenones 10a—¢, giving a mixture of stereoisomeric
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alcohols in each case. The major isomer from each reaction
was assigned the Z configuration and the minor isomer the
E configuration (syn-hydroxy and C-2 methyl groups) on
the basis of the relative shifts of the resonances for the C-2
methyl groups in each isomer on addition of the paramag-
netic shift reagent Eu(fod);'0 (see Experimental Section).
Addition of methyllithium to naphthalenones 12a—c¢ simi-

H,C, CH,R

(6]
CH,Li
—

12a, R = CH=CH,
b, R = CH=CH—CH,

cx-{)

larly proceeded smoothly to give the desired alcohols. How-
ever, the spectra of the products indicated that a single iso-
mer was obtained from each reaction. In the absence of
both isomers for comparison, a definitive assignment of con-
figuration cannot be made.'® On chemical grounds, how-
ever, it seems highly probable that the Z isomer is obtained
from each reaction. Inspection of molecular models shows a
strong preference for 12a—c to exist in conformations in
which the double bonds or phenyl groups are as far as possi-
ble from the aromatic ring of the dihydronaphthalene sys-
tem (e.g., conformation 12a’). In these conformations, addi-
tion of the entering methyl group to the carbonyl is only
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TableI. Chemical Shifts Induced by Addition of Eu(fod);
Methylene
(CH,—C=Cor
. 22 _

Alco- Methyl at C-1 Methyl at C CH,—Ph)
hol T Ad T Ad T Ad
11a 8.64 11.0 8.92 5.6

8.71 11.0 9.06 4.7
11b 8.68 12.0 8.92 5.6
8.74 12.0 9.06 4.7
11c 8.52 103 8.98 5.1
8.71 9.9 9.19 4.1
13a 8.69 4.6 8.89 7.2 m, 5.7¢4
7.48%.¢
13b 8.74 5.7 8.90 7.2 m, 7.45°% 6.2
13¢ 8.77 4.6 8.83 7.2 d, 6.81 5.3
d, 7.23 6.8
9 A = —[rccl, — TEu(fod); (N = 1)]. ¢ Reported value is appar-

ent center of multiplet. ¢ Collapses to doublet, J = 8 Hz, on addi-
tion of 0.2 equiv of Eu(fod)s. ¢ Value obtained from shift of dou-
blet signal.

feasible when attack is syn to the methyl at C-1. In na-
phthalenones 10a—¢, on the other hand, the preferred con-
formations (e.g., 10a’) are those in which the R substituents
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are distant from the carbonyl group, and attack at the car-
bonyl is relatively unhindered. Since the larger substituents
on the cyclohexadienone ring will tend to be axial, however,
normal addition by the entering methyl group anti to the
axial group at C-2 will give the Z isomers as the major
(though not the only) products.

Dehydration of 13a with phosphorus oxychloride in pyri-
dine at room temperature proceeded slowly, but the reac-
tion was complete after 20 h. At 0 °C, using thionyl chlo-
ride in pyridine as the dehydrating agent, reaction was com-
plete after 2 days. Attempts to follow the reaction at still
lower temperatures in an NMR probe were unsuccessful,
due to the rapid formation of precipitates in the NMR tube.

A single product was obtained from reaction of 13a with

HC. CH,CH=CH, CHy
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1

either phosphorus oxychloride or thionyl chloride. It was
clear from the NMR spectrum of the product, which
showed a single aromatic methyl singlet at 7 7.44, a doublet
of triplets for a methylene group attached to an aromatic
ring at 7 7.20, and signals for a monosubstituted allyl
group, that the desired seminaphthalene had not been ob-
tained. The NMR spectrum of the product was consistent
with two reasonable structures, 14a and 15a. Comparison of
the NMR spectrum with that of 15a (see below) indicated
that the structure of the product was 14a.

Examination of the NMR spectra of the reaction mix-
tures during dehydration of 13a showed only signals for
starting material and increasing amounts of 14a. No signals
which could be attributed to a seminaphthalene could be
detected.
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Dehydration of alcohol 11a was much more difficult than
dehydration of 13a. No reaction could be detected between
11a and phosphorus oxychloride in pyridine at room tem-
perature. At 55 °C, signals due to the minor (E) isomer of
11a had disappeared after 18 h, and signals due to aromatic
products appeared. Unfortunately, it proved impossible to
analyze the resulting mixture without causing further de-
composition of the remaining starting material. At 70 °C,
dehydration of 11a was complete in 24 h. The slow reaction
of 11a compared with 13a was presumably due to steric in-
terference with phosphorylation of 11a. The relatively rapid
reaction of the E isomer can be attributed to the relative ac-
cessibility of the axial hydroxyl group.

Two products were obtained from dehydration of 11a in
approximately a 9 to 1 ratio. The minor product was identi-
fied as 14a. The major product was an isomer of 14a, with
signals in its NMR spectrum for an aromatic methyl group
at 7 7.61, a methylene on the aromatic ring at 7 7.00, and a
terminal vinyl group. This product was assigned structure

CHa
CHa CHa
== — 4a +
5

15a. The facts that the methyl resonance in 15a is ca. 0.2
ppm upfield from that in 14a and the methylene signal ca.
0.2 ppm downfield demonstrate that the substituents in the
two isomers are in the assigned positions.!!

Dehydration of 13b with phosphorus oxychloride in pyri-
dine gave two products in an 8 to 1 ratio. The minor prod-
uct was identified as 1,2-dimethylnaphthalene. The major
product was tentatively identified by its analysis and spec-
tra as 14b. Again, possible ambiguity in the location of the
substituents was resolved by comparison of its NMR spec-
trum with that of its isomer, 15b.

Dehydration of the £ isomer of 11b was again feasible at
55 °C, but the Z isomer did not react at an appreciable rate
below 70 °C. Reaction of 11b with phosphorus oxychloride
in pyridine at 70 °C gave four products, which were isolated
by preparative VPC. The major product (34%) was 1,2-
dimethylnaphthalene. The second largest component (32%)
was 14b. A third product (22% yield) was an isomer of 14b,
whose NMR spectrum showed the proper signals for struc-
ture 15b. The aromatic methyl signal in the spectrum of
15b was upfield from those of 14b and the methylene signal
downfield, in accordance with the assigned orientation of
the substituents,

HO CH,

CHa
—
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The final rearrangement product (8% yield) had NMR
singlets for methyl groups in both the « and 8 positions, as
well as signals for a 1-methylallyl group and a one-proton
singlet upfield from the other aromatic signals. The pres-
ence of this singlet, which, from its high field location, ap-
pears to be in a 8 position, suggests that the structure of this
product is 16.

Table II. NMR Spectra of Seminaphthalenes
Com. Chemical shifts (1)
pd CH; CH:Ph =CH, ~HC=CH-
17 s 8.57 s7.19 s 5.01 (1 H)
s5.08 (1 H) s3.86(2H)
19 s 8.73 s 7.354 s4.61 (1 H)? d,3.63 (J =9 Hg,
1 H, C-4)
s 7.404 $4.86 (1 H)° d,4.26 (J =9 Hz,
1 H,C-3)

¢ Presumably parts of doublets, with outer peaks hidden by
other signals. # Syn to phenylene ring. ¢ Trans to phenylene ring.

It seems probable that 16 arises from 11b via a carboni-
um ion shift rather than by migration in an intermediate
seminaphthalene. Indeed, rearrangement of either 11a or
11b in acid gives 16 and dimethylnaphthalene in a 2 to 1
ratio. Similarly, rearrangement of either 13a or 13b in acid
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-
R =H, CH,
R

gave 4-allyl-1 2-dimethylnaphthalene in quantitative yield.
Similar [3,3] and [3,4] shifts in cyclohexadienyl carbonium
ions have been reported previously.!2

Benzyl Group Migrations

Dehydration of alcohol 13¢ in pyridine containing phos-
phorus oxychloride gave a product which showed olefinic
absorptions in its NMR spectrum (see Table II). On the
basis of its NMR and mass spectra and its behaviour on
heating (see below), this product was assigned the semina-
phthalene structure 17.

HC  —Ph HC  —Pn
OH CH |
CHa _— -
13c 17
CH,
Ph
18

Seminaphthalene 17 was stable indefinitely on standing
at room temperature and could be purified by column chro-
matography on alumina. No reaction could be observed on
attempted thermal rearrangement at 100 °C—a dramatic
contrast with the reactivity of p-semibenzenes.>!? Similar-
ly, refluxing in 0.2 M potassium tert-butoxide in tert-butyl
alcohol for 18 h resulted in no change. However, disappear-
ance of 17 was complete after heating at 165 °C for 18 h in
diglyme solution or after 6 h in the presence of benzoyl per-
oxide. The products obtained from each reaction were 1,2-
dimethylnaphthalene (ca. 5-9%) and an isomer of 17,
which was assigned structure 18 on the basis of its NMR
and mass spectra.
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In contrast to the clean dehydration of 13¢, dehydration
of 11c gave a mixture of hydrocarbons which could not be
separated. The NMR spectrum of the mixture showed the
presence of aromatic methyl peaks corresponding to those
in 1,2-dimethylnaphthalene, as well as all the signals for
seminaphthalene 17. When peaks for these two compounds
were subtracted from the spectrum, there remained (in ad-
dition to the aromatic proton signals) a set of signals which
are attributed to seminaphthalene 19. These signals are list-
ed in Table II. On the basis of the spectrum, the mixture
was considered to contain approximately equal amounts of
17 and 19, as well as ca. 10% of 1,2-dimethylnaphthalene.

Thermal rearrangements of this mixture in diglyme at
165 °C gave, in addition to 1,2-dimethylnaphthalene, a
mixture of two hydrocarbons in the ratio 45:51. These prod-
ucts were isolated by preparative VPC and identified as 18
and an isomer of 18, which was assigned the structure 20 on
the basis of its NMR and mass spectra. Comparison of the

CH,

CH, CH,
CH;Ph
19

20

NMR spectra of 18 and 20 showed the methyl signal in 20
to be at higher field than that in 18, in agreement with the
assigned structures.

Discussion

There seems little doubt that seminaphthalenes are inter-
mediates in the rearrangements of alcohols 11a, 11b, 13a,
and 13b (eq ! and 2). Any alternative mechanisms would
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01-313 2 CH,
R R
—_— —_—
Nla, R=H
b, R = CH,
A
R
CH,
(IJ o
12a,b

have to involve quite improbable steps, such as the rear-
rangement of an allylic carbonium ion to an unstabilized
primary carbonium ion.

The rearrangements of 13b to 14b and 11b to 15b un-
questionably proceed by [3,3] sigmatropic shifts, since the
isomers 22 or 23, which would be formed by [1,3] shifts or
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free radical paths, are not obtained. The corresponding re-
arrangements of the allyl derivatives 11a and 13a presum-
ably proceed by similar paths.

The rearrangements of 13a and 13b proceed at excep-
tionally low temperatures for Cope rearrangements. The
only Cope rearrangements which proceed at comparable or
lower temperatures are those of cis-divinylcyclopropanes.!#
In the divinylcyclopropane reaction, formation of the prod-
uct is exothermic by some 28 kcal per mol due to relief of
angle strain. The seminaphthalene rearrangements are exo-
thermic by some 30 kcal per mol, due to the appearance of
a new aromatic ring in the product. A good deal of the sta-
bility of the product appears to be evident in the transition
states for these reactions.

The question of concertedness of the Cope rearrangement
is still a subject of discussion. Dewar and Wade!5 have re-
cently suggested that some Cope rearrangements proceed
by a two-step process in which the initial step is formation
of a cyclic diradical. For the rearrangement of seminaphth-
alene 21, an intermediate radical of this type would have
structure 24. It is clear that such a mechanism, regardless

of whether the diradical is considered a discrete intermedi-
ate or a significant representation of the transition state,
does not in any way explain the exceptional ease of rear-
rangements of seminaphthalenes. In view of the thermal
stability of seminaphthalenes 17 and 19, representations of
the transition state for the Cope rearrangement resembling
an allyl-naphthalenyl radical pair can similarly be rejected.
Instead, the Cope rearrangements of o-seminaphthalenes
must proceed by concerted mechanisms in which the transi-
tion states closely resemble the aromatic products.

The formation of the “abnormal” rearrangement prod-
ucts 14a and 14b from 11a and 11b, respectively, can most
readily be explained by Wagner Meerwein shifts in carboni-
um ions such as 25. That carbonium ions are formed during
the dehydration of 11b is evidenced by formation of 16, as
well as the large amount of 1,2-dimethylnaphthalene, which
can be explained most readily by fragmentation of carboni-
um ion 25. That much higher amounts of dimethylnaphth-
alene and of “abnormal” rearrangement products are ob-
tained from reaction of 11b than from 11a is consistent with
this mechanism, since the crotyl group is known to be a bet-
ter migrator than the allyl group, as well as being more eas-
ily cleaved from the ring, in reactions of cyclohexadienyl
carbonium ions.!'®* Carbonium ion rearrangements only
occur during dehydration of alcohols 11a-11¢, in which the
resulting a-naphthyl carbonium ions can rearrange to the
more stable -naphthyl carbonium ions.

In contrast to the very rapid Cope migrations of allyl
groups in seminaphthalenes, we have found no evidence for
Cope migrations of benzyl groups. Instead, only the prod-
ucts of [1,3] migration are observed. Analogy with benzyl
shifts in the migrations of p-semibenzenes, as well as the ev-
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idence of catalysis by benzoyl peroxide, suggests that these
reactions proceed by free radical chain processes.

The possibility was considered that benzyl groups in 17
and 19 do indeed undergo relatively rapid [3,3] shifts, but
that in the absence of a facile method for aromatization of
the resulting semibenzene they simply revert to the starting
seminaphthalenes, which eventually undergo free radical
reactions. However, if significant amounts of any semiben-
zene were formed on heating 17, we would expect it to be
aromatized readily in the presence of potassium tert-butox-
ide at 80 °C.'7 Since no products resulting from such a pro-
cess are observed, we must conclude that even an “isother-
mic” Cope migration of a benzyl group requires an appre-
ciable activation energy and is not competitive with a free
radical chain process for aromatization of seminaphth-
alenes.

Experimental Section

General. NMR spectra were taken on Varian A-60 or Perkin-
Elmer R12A spectrometers in carbon tetrachloride solution (unless
otherwise indicated) using Me4Si as an internal standard. Ir spec-
tra were taken on Beckman IR-10 or Perkin-Elmer 273B spec-
trometers. Mass spectra were taken on a Hitachi Perkin-Elmer
RMU-6L instrument. Relative areas of major peaks are reported
in parentheses after peak weights.

Elemental analyses were carried out by the University of Massa-
chusetts Microanalytical Laboratory, Amherst, Mass.

GLC analyses and separations were carried out on a Varian
Aerograph Model 202¢ instrument using one of the following col-
umns: column A, 6 ft X % in., 5% SE-30 on Chromosorb W; col-
umn B, 5 ft X 3% in., 5% SE-30 on Chromosorb W; column C, 6 ft
X 3 in., 5% SE-52 on Chromosorb W. Column temperature and
carrier gas flow rates are described in parentheses for each separa-
tion.

Melting points were taken on a Mel-Temp apparatus and are
uncorrected.

For preparation of benzcyclohexadienols, the phrase “worked up
as usual” means that the solvent was evaporated under reduced
pressure, and the residue was stirred with 100 ml of 3:1 methanol-
water solution and then extracted with methylene chloride. The
methylene chloride solution was washed with water and dried over
magnesium sulfate, and the solvent was evaporated.

For dehydration of benzcyclohexadienols in pyridine, the phrase
“worked up as usual” means that the reaction mixture was poured
slowly into ice~water and extracted with petroleum ether. The or-
ganic layer was washed with water and dried over magnesium sul-

fate, and the solvent was evaporated.

Synthesis of Benzcyclohexadienols. (Z)-1-Allyl-1,2-dimethyl-2-
hydroxy-1,2-dihydronaphthalene (13a). To a stirred solution of na-
phthalenone 12a'8 (4.4 g, 0.022 mol) in 50 ml of dry benzene
under a nitrogen atmosphere was added 16 ml of 2.2 M methyllith-
ium in hexane (0.035 mol). After 15 min the reaction was worked
up as usual to give 4.5 g of a yellow fluid. VPC of the product on
column A (200 °C, 55 ml/min) showed the presence of one major
peak at 1.7 min. The crude product was chromatographed on Flor-
isil (80 g). Elution with 95:5 hexane-methylene chloride gave a
white solid which was recrystallized from hexane to give white nee-
dles, mp 92-93 °C (3.1 g, 14.4 mmol, 63%).

The ir spectrum of the product had a hydroxy peak at 3400
cm~!. Its NMR spectrum had peaks at v 2.80-2.14 (m, 4 H), a
pair of doublets at 3.20 and 4.24 (totaling 2 H, J = 9 Hz), 4.20-
5.35 (m, 3 H), 7.20-7.74 (m, 2 H), 8.40 (s, 1 H), (the singlet at 7
8.40 shifted markedly when a few drops of pyridine was added and
was therefore considered to be the hydroxy hydrogen), 8.69 (s, 3
H), 8.89 (s, 3 H). Anal. (C;5sH,30) C, H.

2-Allyl-1,2-dimethyl-1-hydroxy-1,2-dihydronaphthalene (11a). A
solution of 2.2 M methyllithium in hexane (8 ml, 0.018 mol) was
added to a stirred solution of 2-allyl-2-methyl-1-naphthalenone!®
(1.98 g, 0.01 mol) in 50 ml of dry benzene. The mixture was
stirred under nitrogen for 15 min at room temperature and worked
up as usual to give 2.2 g of yellow oil. VPC on column A (175 °C,
55 ml/min) showed one major peak at 2.1 min. The crude product
was chromatographed on Florisil (40 g) eluting with 90:10 hexane-
methylene chloride. A yellow oil (1.4 g, 0.006 mol, 60% yield) was
obtained. Its ir spectrum showed a hydroxy peak at 3500 cm™!, Its
NMR spectrum had peaks at 7 2.40-2.58 (m, 1 H), 2.82-3.18 (m,
3 H), a pair of doublets at 3.78 and 4.40 (2 H, J = 9 Hz), 3.92-
5.35 (m, 4 H), 7.60-8.08 (m, 2 H), 8.64 and 8.71 (two singlets in
the area ratio of about 1 to 2, together 3 H), 8.92 and 9.04 (two
singlets in the area ratio 2 to 1, together 3 H). Anal. (C;5sH,50) C,
H.

2-(trans-2-Butenyl)-1,2-dimethyl-1-hydroxy-1,2-dihydronaphthal-
ene (11b). Methyllithium in hexane (22 ml, 0.05 mol) was added
with stirring under a nitrogen atmosphere to a solution of 2-(2-bu-
tenyl)-2-methyl- 1-naphthalenone!® (6.0 g, 0.03 mol) in 60 ml of
dry benzene. After 20 min of stirring at room temperature, the re-
action mixture was worked up as usual to give 5.3 g of yellow oil,
which was chromatographed on Florisil (100 g) eluting with 90:10
hexane-methylene chloride. A yellow oil (3.7 g, 0.016 mol, 54%
yield) was obtained. Its ir spectrum had a hydroxy peak at 3500
cm~!. Its NMR spectrum had peaks at 7 2.39-2.58 (m, 1 H),
2,76-3.23 (m, 3 H), a pair of doublets at 3.78 and 440 (2 H,J =9
Hz), 4.19-4.82 (m, 3 H), 7.62-8.07 (m, 2 H),8.47 (d,3 H,J =4
Hz), 8.68 and 8.74 (2 singlets in the ratio 1 to 2, together 3 H),
8.92 and 9.06 (2 singlets in the ratio 2 to 1, together 3 H). Its mass
spectrum had peaks at m/e 228 (M*, 1) and 171 (30), 167 (13),
158 (14), 157 (22), 156 (18), 155 (14), and 129 (14). Anal.
(C16H200) C, H.

(Z)-1-(trans-2-Butenyl)}-1,2-dimethyl-2-hydroxy-1,2-dihydro-
naphthalene (13b). A solution of 2.2 M methyllithium in hexane
(0.030 mol) was added to a stirred solution of 1-(¢rans-2-butenyl)-
1-methyl-2-naphthalenone!® (2.4 g, 0.011 mol) in 30 ml of dry
benzene. After stirring at room temperature for 15 min under ni-
trogen, the reaction mixture was worked up as usual to give 2.6 g
of a yellow oil. VPC showed one major peak. The ir spectrum of
the reaction product showed that no naphthalenone was present
and showed an OH band at 3450 (s) cm™!. Its NMR spectrum had
peaks at 7 2.85-3.15 (m, 4 H), a pair of doublets at 3.80 and 4.25
(2 H,J = 9 Hz), 4.48-5.45 (m, 3 H), 7.33-7.58 (m, 2 H), 8.51 (d,
3H,J=4Hz),8.74 (s, 3 H), 8.90 (s, 3 H). Its mass spectrum had
peaks at mfe 248 (M*, 21) and 155 (100).

(Z)-1-Benzyl-1,2-dimethyl-2-hydroxy-1,2-dihydronaphthalene
(13¢). Methyllithium in hexane (0.026 mol) was added to a stirred
solution of 1-benzyl-1-methyl-2-naphthalenone!® (2.8 g, 0.012
mol) in 50 ml of dry benzene under a nitrogen atmosphere. After
15 min the reaction mixture was worked up as usual to give 2.9 g
of a yellow fluid. The ir spectrum of the crude product showed that
no naphthalenone was present. It showed a hydroxy peak at 3570
cm~!, Its NMR spectrum had peaks at = 2.71-3.76 (m, 10 H),
4,17 (1 H, J = 9 Hz), a pair of doublets at 6.81 and 7.23 (totalling
2H,J =12 Hz), 7.83 (broad singlet, 1 H), 8.77 (s, 3 H), and 8.83
(s, 3H).
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2-Benzyl-1,2-dimethyl-1-hydroxy-1,2-dihydronaphthalene (11c).
Methyllithium in hexane (0.008 mol) was added to a stirred solu-
tion of 2-benzyl-2-methyl-1-naphthalenone!® (1.0 g, 0.0040 mol)
in 30 ml of dry benzene under a nitrogen atmosphere. After 15 min
the reaction mixture was worked up as usual to give 1.1 g of yellow
oil. The ir spectrum of the product showed a hydroxy peak at 3590
cm~!. Its NMR spectrum had peaks at 7 2.35-3.02 (m, 9 H), a
pair of doublets at 3.67 and 4.71 and a pair of doublets at 3.72 and
4.36 (together 2 H, J = 9 Hz in the area ratio 2 to 1), 7.31-7.67
(m, 2 H), 8.52 and 8.71 (2 singlets, together 3 H, in the area ratio
1 to 2), 8.98 and 9.19 (2 singlets, together 3 H, in the area ratio 2
to 1).

Dehydration of Benzcyclohexadienols. Reaction of 1-Allyl-1,2-
dimethyl-2-hydroxy-1,2-dihydronaphthalene with Phosphorus Oxy-
chloride in Pyridine. To a solution of 13a (2.1 g, 0.01 mol) in 15 ml
of pyridine was added 3.0 g (0.02 mol) of phosphorus oxychloride.
The reaction mixture was stirred at room temperature for 48 h and
worked up as usual to give 1.9 g of a yellow oil. VPC on column A
(175 °C, 55 ml/min) showed the presence of one major peak at 3.4
min. A pure sample was isolated by VPC on column B (200 °C, 60
ml/min). Its NMR spectrum had peaks at = 2.07-3.02 (m, 6 H),
3.87-5.23 (m, 3 H), 7.20 (dt, J = 8 Hz, 1 Hz, 2 H), 7.49-7.81 (m,
2 H), 7.44 (s, 3 H). Its mass spectrum had peaks at m/e 196 (M*,
17) and 155 (100). Anal. (C;5H,6) C, H.

This compound was assigned the structure 2-(3-butenyl)-1-meth-
ylnaphthalene (14a).

Reaction of 1-Allyl-1,2-dimethyl-2-hydroxy-1,2-dihydronaph-
thalene with Thiony! Chloride in Pyridine. To a solution of 13a (1.0
g, 0.005 mol) in 30 ml of dry pyridine was added 6 ml of thionyl
chloride. The reaction mixture was stirred at 0 °C for 2 days and
then poured slowly into ice-water. It was worked up as described
for the reaction with phosphorus oxychloride. The product had the
same ir and NMR spectra and VPC retention times as 14a,

Reaction of 2-Allyl-1,2-dimethyl-1-hydroxy-1,2-dihydronaph-
thalene (11a) with Phosphorus Oxychloride in Pyridine. Phosphorus
oxychloride (2.0 g, 0.016 mol) was added to a solution of 11a (1.4
g, 0.006 mol) in 15 ml of dry pyridine. The mixture was stirred at
70 °C for 24 h and was then worked up as usual to give 1.5 g of
yellow oil. VPC on column A (180 °C, 55 ml/min) showed the
presence of one major peak at 2.3 min and two small peaks at 2.7
and 5.3 min in the area ratio 39:5:5. The products were separated
by VPC on column B (200 °C, 60 ml/min). The major component
had peaks in its NMR spectrum at 7 1.98-2.94 (m, 6 H), 3.74-
5.19 (m, 3 H), 7.00 (t, J = 8 Hz, 2 H), 7.48-7.93 (m, 2 H), 7.61
(s, 3 H). Its mass spectrum had peaks at m/e 196 (M*, 67), 155
(87), and 154 (100). Anal. (C,sH,¢) C, H.

This compound was assigned the structure 1-(3-butenyl)-2-meth-
ylnaphthalene (15a).

The second component (with a retention time of 2.7 min) had
the same ir and NMR spectrum as compound 14a. The final com-
ponent was the starting alcohol 11a,

Reaction of 2-(tranms-2-Butenyl)-1,2-dimethyl-1-hydroxy-1,2-
dihydronaphthalene (11b) with Phosphorus Oxychloride in Pyridine.
Phosphorus oxychloride (3.8 g, 0.025 mol) was added to a solution
of 11b (3.2 g, 0.014 mol) in 20 ml of dry pyridine, and the mixture
was stirred at 60 °C for 15 h. It was then worked up as usual to
give 2.3 g of yellow oil. VPC on column A (175 °C, 55 ml/min)
showed the presence of three peaks at 1.5, 3.4, and 4.2 min, in the
area ratio 34:22:31.5. The products were isolated by VPC on col-
umn B (200 °C, 60 ml/min). The first component (rt = 1.5 min)
was identified as 1,2-dimethylnaphthalene by comparison of its
spectra and retention time with those of an authentic sample.

The second component (rt = 3.4 min) had NMR peaks at r
1.94-2.92 (m, 6 H), 3.84-5.30 (m, 3 H), 6.89-7.10 (m, 2 H),
7.13-7.61 (m, 1 H), 7.59 (s, 3 H), 8.98 (d, 3 H, J = 6 Hz). Its
mass spectrum had peaks at 210 (M*, 82) 156 (80), and 155
(100). Anal. (C16H;3) C, H.

It was assigned the structure 1-(2-methyl-3-butenyl)}-2-methyl-
naphthalene (15b).

The third component (rt = 4.2 min) had NMR peaks at
1.92-2.93 (m, 6 H), 3.80-5.28 (m, 3 H), 7.05-7.65 (m, 3 H), 7.41
(s, 3 H), 8.95 (d, 3 H, J = 6 Hz). Its mass spectrum had peaks at
210 (M*, 86), 156 (82), and 155 (100). Anal. (C;¢H;s) C, H.

It was assigned the structure 2-(2-methyl-3-butenyl)-1-methyl-
naphthalene (14b).

Reaction of 1-(¢trans-2-Butenyl)-1,2-dimethyl-2-hydroxy-1,2-
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dihydronaphthalene (13b) with Phosphorus Oxychloride in Pyridine.
Phosphorus oxychloride (2.0 g, 0.0125 mol) was added to a solu-
tion of 13b (1.15 g, 5.0 mmol) in 20 ml of dry pyridine, and the
mixture was stirred overnight at 70 °C and worked up as usual to
give 0.85 g of a yellow fluid. VPC on column A (175 °C, 55 ml/
min) showed the presence of three peaks at retention times of 1.6,
4.8, and 5.1 min, in the area ratio 10:83:7. The products were iso-
lated by VPC on column B (210 °C, 60 ml/min). The first and
second components were identified as 1,2-dimethylnaphthalene and
2-(2-methyl-3-butenyl)-1-methylnaphhalene (14b) by comparison of
their ir and NMR spectra and VPC retention times with those of
samples previously obtained.

The third component (rt = 5.1 min) was identified as the start-
ing alcohol 13b.

Synthesis of 1-Benzyl-1-methyl-2-methylene-1,2-dihydronaph-
thalene (17). Phosphorus oxychloride (2.0 g, 8.0 mmol) was added
to a solution of 1-benzyl-1,2-dimethyl-2-hydroxy-1,2-dihydronaph-
thalene (1.7 g, 0.06 mol) in 15 ml of pyridine. The reaction mix-
ture was stirred overnight at 70 °C and then worked up as usual to
give 1.6 g of yellow oil. VPC on column A (195 °C, 60 ml/min)
showed the presence of a major peak with a retention time of 5.8
min and minor peaks at 1.2, 1.4, and 12.9 min. The crude product
was chromatographed on Florosil, then on alumina, and again on
Florosil, finally giving 0.60 g (2.6 mmol, 32%) of pale yellow oil
which showed a single peak (rt = 5.8 min) on VPC. Its NMR spec-
trum (CDCl3) showed peaks at 2,85-3.40 (m, 9 H), 3.86 (s, 2 H,
protons at C-3 and C-4), 5.01 (s, | H), 5.08 (s, ]l H), 7.19 (s, 2 H),
and 8.57 (s, 3 H).

Reaction of 2-Benzyl-1,2-dimethyl-1-hydroxy-1,2-dihydronaph-
thalene (11c) with Phosphorus Oxychloride in Pyridine. Phosphorus
oxychloride (1.5 g, 0.012 mol) was added to a solution of 11¢ (1.1
g, 4.0 mmol) in 10 ml of pyridine. The reaction mixture was stirred
at 70 °C for 18 h and then worked up as usual to give 0.80 g of yel-
low oil. VPC on column A (200 °C, 60 ml/min) showed the pres-
ence of a minor peak at 1.6 min and major peaks at 10.8 and 12.4
min. The mass spectra of these compounds were identical with
those of 1,2-dimethylnaphthalene, 18, and 20, respectively. The
NMR spectrum of the reaction product showed, in addition to
peaks attributable to seminaphthalene 17 and aromatic protons,
the following peaks (with the area of the doublet at r 3.63 arbitrar-
ily set equalto1 H): r3.63(d, 1 H,J =9 Hz),426(d, 1 H,J =9
Hz), 4.61 (s, 1 H), 4.86 (s, 1 H), 7.35 and 7.40 (apparent singlets,
totalling 2 H), 8.73 (s, 3 H), 7.46 (s, 1.5 H), 7.56 (s, 1.8 H). On
this scale, the signal at = 3.83 attributed to 17 totalled 1.9 H. At-
tempts to isolate individual components of this mixture by chroma-
tography on Florisil or alumina were unsuccessful.

Thermal Rearrangements. Rearrangement of 1-Benzyl-1-methyl-
2-methylene-1,2-dihydronaphthalene (17). A solution of 17 (0.1 g)
in 0.5 mi of dry diglyme was heated for 18 h in a sealed tube kept
in an oil bath at 165 °C. The tube was cooled and opened. The
contents were poured into water and extracted with pentane. The
organic layer was washed with water and dried, and the solvent
was evaporated to give 0.1 g of a yellow fluid. VPC on column A
(200 °C, 55 ml/min) showed peaks with retention times of 1.4
(1,2-dimethylnaphthalene) and 10.9 min in the area ratio 8:86.
The major component was isolated by VPC on column C (200 °C,
65 ml/min). Its NMR spectrum had peaks at r 1.97-2.94 (m, 11
H), 6.94-7.21 (m, 4 H), and 7.49 (s, 3 H). Its mass spectrum had
peaks at 246 (M*, 42) and 155 (100). This compound was as-
signed the structure 1-methyl-2-(2-phenylethyl)naphthalene (18).

Attempted Rearrangement in Presence of Potassium tert-Butox-
ide. A solution of seminaphthalene 17 (62 mg) and potassium tert-
butoxide (200 mg, 1.8 mmol) in 10 ml of tert-butyl alcohol was re-
fluxed for 18 h. It was then diluted with water and extracted with
methylene chloride, and the organic layer was washed three times
with water. The solution was dried and evaporated under vacuum
to give 54 mg of yellow oil whose ir and NMR spectrum were iden-
tical with those of 17.

Rearrangement of Products of Dehydration of 11c. A solution of
the mixture of products obtained by dehydration of 11¢ (0.20 g) in
0.5 ml of dry diglyme was heated overnight in an oil bath at 165
°C. The tube was cooled and opened. The contents were dissolved
in water and then extracted with n-pentene. The organic layer was
washed with water and dried, and the solvent was evaporated to
give 0.15 g of yellow oil. VPC on column A (200 °C, 55 ml/min)
showed three peaks at 1.2 min (1,2-dimethylnaphthalene), 10.1
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min, and 12.4 min in area ratios of 4:51:45. The components were
isolated by VPC on column F (220 °C, 65 mi/min). The compo-
nent with retention time of 12.4 min had NMR peaks at 7 2.24-
2.98 (m, 11 H), 6.51-6.83 (m, 2 H), 6.96-7.18 (m, 2 H), 7.64 (s, 3
H). Its mass spectrum had peaks at m/e 246 (M*, 60), 156 (60),
155 (100), and 140 (53). This compound was assigned the struc-
ture 2-methyl-1-(2-phenylethyl)naphthalene (20).

The other major product (rt = 10.1 min) was found to be 18.

Acid-Catalyzed Rearrangements. Rearrangement of 1-Allyl-
1,2-dimethyl-2-hydroxy-1,2-dihydronaphthalene (13a). 1-Allyl-
1,2-dimethyl-2-hydroxy-1,2-dihydronaphthalene (0.1 g) was dis-
solved in 7 ml of 0.1 M sulfuric acid in acetic acid. After the solu-
tion was stirred at room temperature for 24 h, water was added (20
ml), and the mixture was extracted with methylene chloride. The
organic fraction was washed with water, with aqueous sodium bi-
carbonate solution, again with water, dried, and evaporated. VPC
on column A (185 °C, 55 ml/min) showed a single peak at 3.6
min. Its NMR spectrum had peaks at r 1.98-2.21 (m, 2 H),
2.56-2.77 (m, 2 H), 2.96 (s, 1 H), 3.61-5.18 (m, 3 H), 6.32 (d, 2
H, J = 6 Hz), 7.54 (s, 3 H), 7.64 (s, 3 H). Its mass spectrum had
peaks at 196 (M™*, 78) and 181 (100). This compound was as-
signed the structure 4-allyl-1,2-dimethylnaphthalene.

Rearrangement of 11a. A solution of alcohol 11a (0.10 g) in 5 ml
of 0.1 M sulfuric acid in acetic acid was stirred at room tempera-
ture for 18 h and worked up as described for the rearrangement of
13a to give 0.090 g of 4-allyl-1,2-dimethylnaphthalene.

Rearrangement of 1-(trans-2-Butenyl)-1,2-dimethyl-2-hydroxy-
1,2-dihydronaphthalene (13b). 1-(trans-2-Butenyl)-1,2-dimethyl-
2-hydroxy-1,2-dihydronaphthalene (0.8 g) was dissolved in 15 ml
of a 1 M solution of sulfuric acid in acetic acid. After 18 h of stir-
ring at room temperature, water was added (20 ml), and the or-
ganic material was extracted with methylene chloride. The organic
fraction was washed with water, aqueous sodium bicarbonate solu-
tion, and water and dried, and the solvent was evaporated. VPC on
column A (190 °C, 55 ml/min) showed two major peaks at 1.4 and
4.1 min, in the area ratio 76:24. The two compounds were isolated
by VPC on column F (210 °C, 65 ml/min). The component with
retention time of 1.4 min was identified as 1,2-dimethylnaphth-
alene,

The component with a retention time of 4.2 min had NMR
peaks at 7 1.80-2.10 (m, 2 H), 2.54-2.72 (m, 2 H), 2.89 (s, 1 H),
3.57-5.10 (m, 3 H), 5.63-5.93 (m, 1 H), 7.45 (s, 3 H), 7.55 (s, 3
H), 8.50 (d, 3 H, J = 6.5 Hz). Its mass spectrum had peaks at m/e
210 (M, 60), 195 (100), 181 (52), and 163 (56).

This compound was assigned the structure 1,2-dimethyl-4-(1-
methylallyl)naphthalene (16).

Rearrangement of 11b. A solution of alcohol 11b (0.10 g) in 5 ml
of 0.1 M sulfuric acid in acetic acid was stirred at room tempera-
ture for 18 h and worked up as described for the rearrangement of

13b. The products were identified as 1,2-dimethylnaphthalene and
16.
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