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Syminesis and Catalytic Dehydrogenation of Benzsuberans

8. C. Sen Gupta and Parimal Krishna Sen

Syntheais of 2’-methyl-8,7-benzsuberan, 3-methyl-6,7-benzsuberan, 3,3-dimethyl-6,7-benzsuberan
and 3-ethyl-3-methyl-6,7-benzsuberan have been described. Catalytic debydrogenation of these benzauberans
has been carried out by heating with Pd-C eatulyst at 380° in a sealed tube. In every case, 2-methylnaphthalene
has been obtained as tho chief dehyd rogenation produet.

It was observed by Ruzicka and Seidel' that cycloheptane was converted into toluene
when heated with selenium at 440°. They further noted that na dehydrogenation and
ring contraction of cycloheptane took place below 400°. With a view to studying
thoroughly the catalytic dehydrogenation of seven-carbon ring systems, several alkylated
benzsuberans have beon successfully synthesised and snbjected to catalytic dehydrogena-
tion. It has been found that these benzsuberans are not affected by heating with Pd-C
catalyst at 350° in a metal bath, but dehydrogenation accompanied by ring contraction
ocours when these are heated with Pd-C in a sealed tube at 380°. 2--Methyl-6,7-
benzsuberan (IV: R,=Me; R,=R;=H) on heating with Pd-C in a sealed tube at 380° gives
2-methylnaphthalene as the main dehydrogenation product. Under a similar condition

" catalytic dehydrogenation of 3-methyl-6,7-benzsuberan (IV: R,=R,=H; R,=Me),
3,3-dimethyl-6,7-benzsuberan (IV: R,=R,=Me; R,=H) and 3-ethyl-3-methyl-6,7-
benzsuberan (IV: R, =H; R,=Me; R,=Et) gave in every case 2-methylnaphthalene as
the main dehydrogenation product. In the last two cases, along with 2-methylnaphtha-
lens, traces of dinaphthyl derivatives were isolated as dehydrogenation products. During
dehydrogenation ring cont-action and loss of carbon were found in all these cases to take
places The gem-dialkylated benzsuberans further lose one of the alkyl groups linked to
the quaternary carbon atom.

It is difficult to offer a satisfactory explanation of the mechanism of dehydrogena-
tionof these benzsuberans. It seems that the seven-carbon ring opens, as shown in (V), with
the formation of a biradical which by ring closure and loss of one angular methyl group
and one alkyl group from the gem-dialkyl group during aromatisation affords ultimately
2*methylnaphthalene. The isolation of traces of a binaphthyl derivative as a dehydrogena-
tion product in two cases indicates the formation of an intermediate naphthyl ragical.

The four alkylated benzsuberans, required for catalytic dehydrogenation studies,
kave begn synthesised by starting from an aromatic hydrocarbon and glutaric anhydride
ﬁ:yl derivatives. 2’-Methyl-6,7-benzsuberan (IY: R,=Me; R,=R;=H) has been

tthesised starting from toluene and gluteric anhydride. These two condensed in pre-
sence of anhydrous aluminium chloride, affording y-(p-toluyl)butyric acid (I: R,=Ms;

1, Helv. Okim. Acta, 1936, 19, 424,
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R,=R,=H). That the Friedel-Crafts reaction takes place in pare positicdi™ ¥ine methyl
group has been proved by oxidation of this keto-acid with alkaline permanganate te
terephthalic acid. This keto-acid on reduction by the Clemmensen method gave 3-(p-tolyl)-
valeric acid (II: R,=Me; R,=R,=H); this on being heated with polyphosphoric acid
mixture furnished a good yield of the cyclic ketone (III: R,=Me; R,=R;=H). It was
noted that this valeric acid derivative could not be cyclised with concentrated or 85%
sulphurie acid, On the Clemmensen reduction, the cyclic ketone provided a gos™leld of
2’-methyl-6,7-benzsuberan (IV: R,=Me; R,=R,=H),
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In a similar manner, 3-methyl-6,7-benzsuberan (IV: R,=R,=H; Ry=Me) has betn
synthesised starting from benzene and B-methylglutaric anhydride. Using §g-dimethyl-
glutaric anhydride and B-ethyl-g-methylglutaric anhydride in place of 8-methylglutaric
anhydride in the above synthesis, 3,3-dimethyl-6,7-benzsuberan (IV : R, =H; R,=R,=Ms)
and 3-ethyl-3-methylbenzsuberan (IV : R,=H; R,—=Me; R;=Et) have been synthesised,

EXPERIMENTAL

2°-Methyl-0,"7-benzsuberan

y=(p-Toluyl)butyric Acid (I: R,=Ms; R,=R,=H).—A solution of glutaric anhy-
dride (17 g.) in dry toluene was added with stirring to an ice-cold suspension of powdersd
anhydrous aluminium chloride (50 g.) in dry toluene (70 ml). The mixture was kept 8
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room teetP&ature for 12 hours and then warmed at 80-65° for half an hour. The product

was decomposed with ice and HCI and excess of toluene removed by eteam distilliation.

The 8olid product was extracted with hot sodium carbonate solution and charcoaljsed;

the keto-acid was precipitated with HCI and erystallised from ethanol. After recrystallisa-

tion from hexane it melted at 154-55°; yield 20 g. (Found: C, 69.7; H, 6.7. C,,H, O,
ires C, 69.7; H, 6.79%,).

The semicarbazone was crystallised from ethanol, m.p. 225° (decomp.). (Found: G, 59.0;
H, 6.35; N, 157. C,;H,,0,N; requires C, 59.31; H, 6.48; N, 15.96%,).

Oridation of the Keto-acid (I: R,=Me; R,=Ry=H).—The keto-acid was oxidised
by heating with excess alkaline potassium permanganate solution. The oxidation product
was isolated according to usual methods and crystallised from HCI (conc.). The product
was characterised as terephthalic acid by preparing its methyl ester, m.p. 140°,

8-(p-Tolyl)valeric Aeid (IL: R,=Me; R,=R,=H).— y-(p-Toluyl)butyric acid
(10 g.), amalgamated zinc (40 g.) and HCl (conc., 40 ml) were boiled gently for 24 hours,
The product was extracted with ether, the extract washed with water, and the ether distilled;
the residue was extracted with hot dilute sodium carbonate solution and acidified with
HC, when the reduced acid separated as a thivk pasty mass. It was extracted with ether,
dried with sodium sulphate, and distilled. It was collected as a colorless oil, b. p. 140-42°/2
mm; yield 6 g. (Found: C, 74.86; H, 8.2. C, H,0, requires C, 75.0; H, 8.33%,).

2'-Methyl-6,7-benzsuberone-1 (I1II: R, =Me; R,=R,=H)—3-(p-Tolyl)valeric aecid
(10g.) was mixed with polyphosphoric acid (P,0,, 35 g. and 89%H,PO,, 15 ml) and the
mixture-was heated on steam bath for 1 hour with stirring. The product was poured on
crushed ice and extracted with ether. The ethereal solution was washed with ammonia
and then with water; it was dried with sodium sulphate and distilled. The ketone is a light
straw-coloured liquid, b.p. 170-72°/15 mm, yield 6.5g. (Found: C, 82.64; H, 7.9. C,.H, 0
requires C, 82.75; H, 8.049,).

24-Dinitrophenylhydrazone of the ketone was crystallised from ethyl acetaté as
fine red needles, m.p. 205-206°. (Found: C, 60.81;H, 5.0. C,sH ,s0,N, requires C, 61.01;
H, 508%,).

2’-Methyl-6,7-benzsuberan (IV: R =Me; R,=R,=H).—2-Methyl-6,7-benzsuberone-1
{6 g.) was gently boiled with amalgamated zinc (25 g.) and HCl (conc., 25 ml) for 24 hours.
The product was extracted with ether, the extract washed with water, dried with sodium
salphate, and distilled. It is a colorlees liquid with fragrance, b.p. 104-105°/10 mm,
yield 4 g.; €,*® 0.9490, »*%;, 1.5300, [R.]p 52.07 (calc. 51.87). (Found: C, 89.72; H, 9.91.
C..H,s requires C, 90.0; H, 10.0%,).

C’aialylw Dehydrogenation of 2'-Methyl-6 .7-benzsuberan.—The hyd.rocarbon 2.5 )

was heated with 109, Pd-C catalyst (0.25 g.) in a sealed pyrex tube at 380- 400" for 15 hours.
sepening the sealed tube, the issuing gas burnt with a blue lame. The product was

ted with ether, the solvent removed, and the residual oil was subjected to chromato-
%: fractionation on Brockmann alumina with hexane. Eluates, each 10 ml, were
collected. The first and second eluates left no solute on removal of the solvent. The third,
fourth, and fifth eluates, each, contained & small quantity of cil with characteristic odour.
The oils were separately converted into piorates in methanolic solution. Melting
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point of each picrate obtained from different cluates was noted. They it ¥% within 5
range of 108-114°. The picrates were mixed together and crystallised repeatedly from
methanol when yellow ncedles melting at 115-16" were obtained. The mixed m.p. wigy
the picrate of an authentic sample of 2-methylnaphthalene was not depressed. (Found:
C, 54.8: H, 3.61. Cale. for C,;H ;0.N,: C, 54.98; H, 3.50%,).

The hydrocarbon was regencrated from the picrate and solidified on cop_"-f m.p.
33-34°. Melting point of 2-methylnaphthalene is 34.4°. The UV absorption study also
suggests that the hydrocarbon is an alkylated naphthalene. Five subsequent eluates
left no solute on removal of the solvent.

3-Melhyl-6,7-benzsuberan

B-Methyl-y-benzoylbulyric wncid (1: R, =R,=H; Ry;=Me) was prepared from the
anhydride of B-methylglutaric acid (60 g.), benzene (100 ml), and aluminium chloride
(132 g.) cxactly as in the case of the keto-acid (I: R, ==Me; R, =R,=H). Tt was crystallised
from dilute ethanol, m.p. 125-26°, vield 60 g. (Found: C, 69.72; H, 6.8. C,;H,,0, requires
C, 69.9; H, 6.79%,).

The semicariazone crystallised from dilute ethanol, m.p. 173-74° (decomp.). (Found:
C,59.2; H, 6.2; N, 16.1. C,3H,,0,N; requires C, 59.31; H, 6.46; N, 15.96%,).

B-Methyl-8-phenylvaleric Acid (I1: R,=R,=H; R,=Me).—The keto-acid (I: R,=R,
=H; Ry=Me; 50 g.) was reduced by hcating with amalgamated zinc (200 g.) and HCl
(cone., 200 ml) for 24 hours. The product was purificd as in the case of the acid
(I1: R,=Me; R,=R,=H), b.p. 161-62°/3 mm, yield 35 g. (Found: C, 74.7; H, 84
C,.H,50, requires C, 75.0; H, 8.339%,).

3. Methyl-6,7-benzsuberone-1 (I11: R,=R,=H; R,=Me).—The above reduced acid
(28.8 g.) was mixed with polyphosphoric acid (P,0,, 105g. and 89% H,PO,, 45 ml) and
heated on the steam bath for 1 hour with stirring. The product was purified as in the
case of the ketone (III: R,~Me; R,=R,=H). It is a light straw-coloured liguid, bp.
147°/9 mm, yield 15 g. (Found: C,82.4; H,8.1. C,,H, O requires C, 82.75;, H, 8.0¢%).

2.4-Dinitrophenylhydrazone of this cyclic ketone crystallised from ethyl acetate
in red needles, m.p. 195-98°. (Found: C, 61.2; H, 5.1. C,,H,sO,N, requires C, 61.01;
H, 5.089,).

3-Methyl-6,1-benzsuberan (IV: R,=R,=H; Ry;=Me).-—The above cyclic ketone (14g)
was reduced by heating with amalgamatedzinc (60g.) and HCl (conc., 60ml) for 24 hours,
It is a colorless oil with fragrance, b.p. 102-104°/10 mm; &,°® 0.9486, n%° 1.5295, [Ry],
52.05 (cale. 51.87). (Found: C, 88.9; H, 10.2. C, H ¢ requires C,90.0; H,10.09%,).

(3g.) wes heated with 109, Pd-C catalyet (0.3 g.) in a sealed pyrex tube at 380-400°
15 hours. The product was purified through chromatographie fractionation on Brockm:
alumina with hexane,as in the previous case. The first and second eluates, each, contained
a little quantity of an oil with characteristic odour. The oils were separately converted into
picrates in methanolic solution. They melted within a range of 108-14°. The picrates were

Catalytic Dehydrogenation of 3-Methyl-6,7-benzsuberan.—The above hydregg
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mixe&wbm:r and crystallised repeatedly from methanol when yellow needles melting
at 115-16° were obtained. The mixed m.p. with the picrate of an authentic sample of
2.methylnaphthaleno was not depressed. (Found: C,54.71; H,3.41. Cale. for C,,H,,0,N,:
¢, 54.98; H, 3.50%).

3,3-Dimethyl-6,7-benzsuberan

BB-Dimethyl-y-benzoylbutyric Acid (1 : R,=H; R,=R;=Me)—fB-Dimethylglutaric
snhydride (45 g.), aluminium chloride (98 g.), and benzene (100 ml) were used. The
product was worked up as in the case of the keto-acid (I: R=Me; R,=R,=H). This keto-
acid had b.p. 196-99°/5 mm, yield 57 g. (Found: C, 70.65; H, 7.2. C,;H,¢0; requires
¢, 70.90; H, 7.279%,

The semicarbazone of this ketu-acid crystallised from ethanol in plates, m.p. 177-78°
(decomp.). (Found: C. 60.32; H, 6.7: N, 15.2. C, H O,N, requires C, 60.64; H. 6.85;
N. 15.169%,).

BB-Dimethyl-8-phenylvaleric  Acid (II: R,=H: R,=R,=Me).—The keto-acid
(I R,=H; R,=R,=Me; 50 g.) was reduced by heating with amalgamated zinc (200 g.)
and HCI (conc., 200 ml) for 24 hours. It is a colorless oil, b".p_ 185-87°/1 mm, yield 20g.
(Found: C, 75.8: H, 8.5. C,,H,40, requires C, 75.72; H, 8.73%,).

3.3-Dimethyl-6.7-benzsuberone-1 (III: R,=H; R,=R,=Me).—The valeric acid
(IL: R,=H: R,=R;=Me:; 20 g.) was cyclised with polyphosphoric acid (P,0,, 70 g. and
89% H,PO,, 30 ml). The ketone distilled at 135-36°/ mm as a light straw-coloured liquid.
The oil gradually crystallised in the form of needles, m.p. 52-53°, yield 10.5 g. (Found:
C 83.1; H, 8.42. C;H,(O requires C, 82.97; H, 8.519%,).

2,4-Dinitrophenylhydrazone of the cyolic ketone was crystallised from ethyl acetate
as orange crystals, m.p. 220-.21°. (Found: C, 61.62; H, 5.3; N, 15.33. C,,;H,.O N,
requires C,61.95; H, 5.43; N, 15.21%,). The semicarbazone of the ketone crystallised from
rectified spirit, m.p. 204-205°.

3,3-Dimethyl-6,7-benzsuberan (IV: R,=H; R,=R,=Me).—The cyclic ketone (III:
R,=H; R,=R,;=Me; 10g.) was reduced by heating with amalgamated zinc (40g.) and
HCl (cone., 40 ml) for 24 hours. It is a colorless oil with fragrance, b.p. 105°/4 mm;
@ 00329, 2% 1.5215, [R.]o 56.84 (cslo. 56.52). (Found: C,89.45; H, 10.1. C,sHig

reqturesC 89.65; H, 10.349,).

Catalyiic Dehydrogenation of 3,3-Dimethyl-6,7-benzcuberan.—The hydrocarbon

{IV: R,=H; R,—=R,=Me; 3.07g.) was heated with 109, Pd-C catalyst (0.31 g.)in a sealed
pyrex tube at 380-400° for 15 hours. The product was purified through chromatographic
fractionation exactly as in the previous case. The first-and second eluates contained no
The third, fourth, and fifth eluates, each, contained a small quantity of oil with
mbenstlc naphthalenic odour. The oils were separately converted into picrates in me-
thanolic solution. They melted in the range of 108-14°. The picrates were mixed together
and orystallised repeatedly from methanol when yellow needles melting at 114-15° were
obtained. The mi¥ed m.p. with the picrate of an authentio sample of 2-methylnaphthalene
was not depressed. (Found: C, 54.68; H, 3.41. Cale. for C,,H,,0,Ny: C, 54.98; H, 3.50%,).
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The hydrocarbon was regenerated from the picrate by passing benzefi>*3%iion of
the pierate through Brockmann alumina and eluting with petroleum ether. It had myp.

33-34°. The ultraviolet absorption spectra study also suggests that the hydrocarbon
is an alkylated naphthalene compound.

Five subsequent eluates left no solute on removal of the solvent. Nextthe chromato-
graphic column was eluted with hexane-benzene mixture (1:1). The elevanth,)—ﬁl‘th
and thirteenth cluates, each, left on evaporation a small amount of a pale yellow solid.

These were mixed together and crystallised repcatedly from ethanol when shining flales
were obtained, melting at 178-83°,

The UY absorption spectra study was made with the above substance. The absorp-
tion maxima suggest that it is a dinaphthyl compound or its alkyl derivative. An ethanolie
golution of it rRhowed maxima at 217 (log, ¢, 4.2), 260 (log ¢, 4.8), 310 mp. (log ¢, 38).
As the quantity of the snbstance was very small, no further study could be made.

3-Ethyl-3-methyl-6,7-benzsuberuan

B-E:hyl-B-methyl-y-benroylbutyric Acid (1: R,=H; R,=Me; Ry=Et).—A solution
of g-othyl-8-methylglutaric anhydride (77 g.) in benzene, aluminium chloride (132¢.),
and dry benzene (150 ml) were used and worked up, following the same method as in the
previous cases. The liguid keto-acid had b.p. 208-10°/6 mm, yield 80g. (Found: C,718§;
H,7.61. C, H, g0, requires C,71.79; H,7.69%).

The semirarbazone of the keto-acid crystallised from ethanol in small needles, mp.
163-66° (decomp.). (Found: C, 61.58; H, 7.4; N, 14.32. C,;H, O,N; requires C, 61.85; H,
7.21; N, 14.43%,).

B-Ethyl-8-methyl-&-phenylvaleric Acid (1I: R,=H; R,=Me; R;=Et).—The Leto acid
{I: R=H; R,=Me; R,=Et; 85 g.) was reduced by heating with amalgamated zinc (250g.)
and HCI (cone., 250 ml) for 28 hours. The reduced acid is a colorless oil,b.p. 195-87°/6 mm,
yield 56 g. (Found: C, 76.4; H, 9.24. C, H,,0, requires C, 76.36; H,9.09%,).

3-Ethyl-3-methyl-6,7-benzsuberone-1 (III: R,=H; R,=Me; Ry=Et).—The valeric’
acid (II: R,=H; R,=Me; R,=Et; 30 g.) was cyclised with polyphosphoric acid (P,0,,
105 g. and 89%, H,PO,, 45 ml). The ketone distilled at 161-63°/6 mm as a light straw-
coloured liquid, yield 22 g. (Found: C, 82.8; H,8.7. C, H,40 requires C,83.16; H,8.91%).

2,4-Dinitrophenylhydrazone of the cyclic ketone was crystallised from ethyl acatater
as orange-red crystals, m.p. 217-18°. (Found: C, 62.53; H, 5.62; N, 14.54. C,H,,0N,

requires C, 62.82; H, 5.75; N, 14.839,). The semicarbazone of the ketone crystallised
from rectified spirit, m.p. 142-44°,

3-Eihyl-3-methyl-8,7-benzsuberan (IV: R, =H; R,=Me; Ry=Et)—The previ
cyclic ketone (20g.) was reduced by heating with amalgamated zinc (80g.) and H
(cone.,80ml) for 24 hours. It isa colorless oil with fragrance, b.p. 110°/Imm; &% 0.9393,

n% 15235, [Ry, 61.18 (calc. 61.168). (Found: C, 89.2; H, 10.65. C,H,, requires
C, 89.36; H, 10.63%,).
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vRESRe Dehydrogenation of 3-Ethyl-3-methyl-6,7-benzsuberan—The hydrocarbon
- (2.85 g.) was heated with 109, Pd-C catalyst (0.30g.) in a sealed pyrex tube at 380.400°
for 15 hours. The product wae purified through chromatographic fractionstion with
hexane as in the former cases. The first and second eluates left no solute on removal of
the zolvent. The third, fourth, end fifth eluates, each, contained a small quantity of an oil

ith characteristic odour. The oils were mixed together and the picrate was prepared from
Eaﬁlﬁolic solution. It was crystallised repeatedly from methanol in yellow needles,
m. p. 115-18°, The mixed m.p. with the picrate of an authentic sample of 2-methylnaph-
thalene was not depressed. (Found: G, 55.1; H, 3.41. Cale. for C,;H,;0,N, : C, 54.98;

H,3.60%).

The hydrocerbon was regenerated from the picrate, as mentioned before, and solidified
on cooling, m.p. 33-34°. The UV absorption spectra study suggests that the hydrocarbon
i an allktylated naphthalene.

Five subsequent eluates left no solute on removalof the solvent. Next the chromato-
graphi¢ column was eluted with hexane-benzene mixture (1:1). The eleventh, twelfth,
and thirteenth eluates. each. contained a small amount of a pale yellow solid. These were
mixed together and crystallised from hexans containing a little benzene when shining
flakea were obtained. UV absorption spectra study suggests that it may be a
binaphthyl compound.
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