
r_...... Iadiu CJatl\ Soc., Vol. 39, No. 10, 1HZ] 

Syntnesis and Catalytic Dehydrogeaatioa of Beazsuberaas 

S. C. Sen Gupta &lid Parimal Krishna Ben 

Syn~heais of 2' -meth)'~-6, 7. benzsu be ran, 3-methyl-6, 7 -benzsubera.n, 3,3-dimet.hyl-6,7 -benzsuberaD 
oad 3-et.hyl-3-m...t.hyl-0, 7-bllllzAllbcrtm ha.ve been deo11:ribed. Catalytic dehydrogenation of these beDzaubera.na 
has been carried out by hl'ating with Pd-C ca.talyMt Rt 3!111° in a. sealed tube. In every CBIIfl, 2-met.hylna.phthallllle 
hal been obtained""" tho chief d<>hy•lrogen&tion product. 

It was observed by Ruzicka nnd Soidel' thu.t cycloheptane was converted into toluene 
when heated with selun.ium a.t -U.o''. They further noted that no dehydrogenation e.nd 
ring contraction of cyclohopto.no took plo.co below 400". With a view to studying 
thJroughly the catalytic dehydrogenation of seveu-c·arbon rinjl systems, several alkylated 
benzsuberans ha.ve been !lllcc·e3s~ully sy~1thesisecl and !mbjected to catalytic dehydrogena­
tion. It has been found tha.t these benzsuberans are not affected by hea.ting with Pd-C 
cata.lyst at 350" in a metal bath, but dehydrogenation a-ccompanied by ring contraction 
occurs when these arc heated with Pd-C in a. sealed tube a.t 380". 2'-Methyl.6,7-
benzsuberan (IV: R, =lle; R~=RJ=H) on heating with Pd-C in a sealed tube at 380° gives 
2-methylnaphthalcne as the main dehydrogenation product. Under a similar condition 

· cata.lytic dehydrogenation of :J-methyl-6,7-benzsuberall (IV: R,=R~=H; R,=Me), 
3,3-dimethyl-6,7-benzsubera.n (IV: R.=R3 =Me; R,=H) and 3-ethyl-3-methyl-6,7-
benzsuberan (IV: It, =H; R 2 -Me; &3 -Et) gave in every l'&se 2·metbylnaphthalene as 
the main dehydrogenation product. In the last two cases, along with 2-methylna.phtha­
lene, traces of dinaphthyl derivatives were isolated as dehydrogenation products. During 
dehydrogenation ring cont':"a.ction and loss of carbon were found in all these cases to take 
plac01 The gem-dia.lkylated benzsubl'r&ns further lose one of the alkyl groups linked to 
IJ!e q~ternary ca.rbon atom. 

It is difficult to offer a. satisfactory explanation of the mechanism of dehydrogena­
tion of these benzsuberans. It seems tha.t the seven-carbon ring opens, as shown in (V), with 
~e formation of a birad.ical which by ring _closure and loss of one angular_methylgroup 
a.nd one a.lkyl group from the gem-dia.lkyl group during arom.atisation affords ultimately 
2!methylnaphthalene. The isolation of traces of a bina.phthyl derivative as a dehydrogena­
tion product in two cases indicates the forma.tion of an intermediate naphthyl raqical. 

The four alkylated benzsuberans, required for catalytic dehydrogenation studies, 
have be synthesised by starting from an aromatic hydrocarbon and glutaric anhydride 
or · ·alkyl deriva-tives. 2'-Methyl-6,7-benzsubCJ'&n (If: R,=Me; R 2 =R5 =H) has been 

1 esised starting from toluene and glute.ric anhydride. These two condensed in pre­
llelloe of anhydrous aluminium chloride, ·affording" y-(p-toluyl)butyric a~id (I~ B,=Me; 
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R.=R~=H). That the Fried.el-Crafta reaction takes place in pa.ra positid"~.d¥1 methyl 
group has been proved by oxidation of this keto-acid with alkaline permanganaw to 
terepht.halic acid. This keto-acid on reduction by the Clemmensen method gave 11-(p-tolyl)· 
valerie acid (II: R, =Me; R. =R5 =H); this on being heated with polypbosphoric acid 
mixture furnished a good yield of the cyclic ketone (III: R, =Me; R.=R3=H). It was 
noted that this valerie acid derh'ative could not be cyclised with concentrated or 85o/. 
sulphuric acid. On the·Ciemmensen reduction, the cyclic ket.one provided a go~d of 
2'-methyl-6,7-benzsuberan (IV: R,=Me; R.,R3 =H). 
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In a similar manner, 3-methyl-6,7-benzsuberan (IV: R,=R.=H; R,-.Me) has been 
synthesised starting from benzene and ,9-methylglutaric anhydride. LTsing ,B,B-dim.ethyl· 
glutaric anhydride and ,9-ethyl-,B-methylglutaric anhydride in place of ,9-methylglut.arie 
anhydride in the above synthesis, 3,3-dimethyl-6,7-benzsu.beran (IV: R, =H; R.=~=Mel 
and 3-et.hyl-3-methylbenzsubera.n (IV: R,=H; R,.=Me; R 1 =Et) have been synthesiaed,. 

E Xl' E RIM ENT AI. 

2•-.Met'hyl-8,7-bsnzsubenzn 

y•(p-Tolv.yl)butyric .Acid (1: R, Me; R.=R1 =H).-A solution of glutaric anhy• 
dride (17 g.) in dry toluene w&s added with stirring to an ice-cold suspension ofpowdered 
a.nh.ydroull aluminium chloride (50 g.) in dry toluene (70 ml). Tho mixture was kept~ 
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room t;emJII_";;f.bre for 12 hours and then warmed at 60-65° for half an hour. The product 
was decomposed with ice and HCl a.nd excess of toluene removed by: stea.m distillia.taon. 
The salid product was extracted with hot sodium ca.rbona.te solution and charcoallsed.; 
the keta-acid was precipita.ted with HCl and crystallised from ethanol. After recryatallisa.­
tion from hexane it melted at 154-55°; yield 20 g. (Found: C, 69.7;. H, 6.7. c .. H,40 3 

~· 69.7; H, 6.79%). 

The asmicarbazone was crystallised from etha.nol, m. p. 225° (decomp.). (Found: C, 59.0; 
H, 6.35; N, l:i.7. C, 5H, 70 3N5 requires C, 59.31; H, 6.46; N, 15.96%). . 

O~:itlatio·n rJj the Keto-acid (I: R, =Me; R. =Rs=H).-The keto·a.cid was o:xidised 
by heating with excess alkaline potassium permangana.te solution. The oxidation product 
ll'&S isJla.ted according to usual methods and crystallised from HCl (cone.). Tho product 
was characterised as terephthalic acid by preparing its methyl ester, m.p. 140°. 

8-(p-Tolyl)rm/erir Acid (II: R,-1\le; R.=R3 =H).- y·(p-Toluyl)butyric acid 
(10 g.), amalgamated zinc HOg.) and HCl (cone., 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 Hodium carbonate solution and acidified with 
HCl, when the reduced acid separated aY a thick pasty ma1111. It was extracted with ether,· 
dried with ~:~odium Fmlpho.te, and distilled. It was collected as ~ colorless oil, b.p. 140-42°/2 
mm; yield 6 g. (Found: C, 74.~6; H, 8.2. C,~H, 60. requires C, 75.0; H, 8.33o/o). 

2'-Methyl-6,7-benZ~~Uberc.ne-1 (III: R,=Me; R.=R3 =H).-8-(p-Tolyl)valeric acid 
(lOg.) was mixed with polyphosphoric acid (P.O,, 35 g. and 89%HsP04 , 15 ml) and the 
mixture -was heated on steam bath for 1 hour with stirring. The product was polll"ed on 
crushed ice and extracted with ether. The ethereal solution wa.s washed with ammonia 
and then with water; it was dried with sodium sulphate and distiUed. The ketone is a light 
stmw-coloured liquid, b.p. 170-72°/15 mm, yield 6.5g. (Found: C, 82.64; H, 7.9. C,.H,,O 
requires C, 82.75; H, 8.04%). 

2,4-Dinitrophenylhytlrazone of the ketone was crystallised from ethyl acetate as 
6ne red ~eedles, m.p. 205-206°. (Found: C, 60.81; H, 5.0. C, 8H,80 4N4 requires C, 61.01; 
H, G.08%). . 

2'-Methyl-6,7-benzsvberan (IV: R. =Me; R.=R,=H).-2-Methyl-6,7-benzsube:rone-l 
(6 g.) was gently boiled with amalgamated zinc (25 g.) and HCl (cone., 25 ml) for 24 hours. 
The product was extracted with ether, the extract washed with water, dried 'I.Yith sodium 
BDlphate, and distilled. It is a colorless liquid with fragrance, b.p. 104-l05ajlO mm, 
~d 4 g.; d4"

8 0.9490, no.so 1.5300, [.RL]D 52.07 (calc. 51.87). (Found: C, 89.72; H, 9.91. 
C11H,6 requires C, 90.0; H, 10.0%). 

Oa-'af.yti~. Del&ytlrogenati.on of 2' -Metl&y~-6,7 -benzauberan.-The h;ydr~car~on •(2.5 .g.) 
was heated with 10% Pd-C catalyst (0.25 g.) ina sealed pyrex tubeat380-400° for15hours. 

:;pening the sea.led. tube, the isBlling gas burnt with a. blue flame. The product wa.a 
ted with ether, the solvent removed, a~d th~ residual oil was subJected to chrom.ato-

p fractionation on Brockmann alumma. w1th hexane. Eluates, each 10 ml, were 
eollected.. The first and second eluates left no solute on removal of the solvent. The third, 
fcllrlh, and fifth eluates, each, contained. a small qua.ntity of oil with cha.ra.cteriBtic odour. 
The oils were separately converted into picrate& in methanolic solution. Melting 
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point of each picrate obtained from different eluates was noted. They la"i~~.within 1 
range of I 08-11-l". The picrates were mixed together and crysta.Ilil!ed. repeatedly &om 
metho.nol wlten yellow needles melting at 115-16' were obtained. The mixed in.p. with 
tlle picrate of an authentic sample of 2-methylnaphthalene was not depressed. (Found: 
C, 5-UI: H, :J.6l. Calc. for C, 7H, 30 7N3 : C, ~34.98; H, 3.50%)-

The 1tydroC'arbon waR regenerated from the picrate and solidified o~ co~in.p. 
33-34". l\Ielting point of :!-mt>thylna.phthalene is 34-.4". The UV a.bsorvtion study also 
suggests that the hydro<·arhon itt an alkylatell naphthalene. Five subsequent eluate& 
left 110 solute on rtlmo,·a.l of the i!oln•nt. 

:J-ill elltyl-fl ,7 -be11 zwuberan. 

{3-J/efl~y/-y-ben:,oylbul.'lrlr "rid (1: H, ===R.=H; R 3 =Me) was prcp&red from the 
anhydride of ,8-mothylgh1taric: a<·id (flU g.), benzene (HlO rnl), and aluminium llbloride 
( 132 g.) cxn.clly as in the case of the keto·11cid l1: R, =~le; R,.=R3 =H). I twas crystal.lil!ed 
from diluto otho.nol, m.p. 12ii-21i", ·'·iold lifl g. (Fonnd: C, 611.72;. H, 6.8. C, 2H,40 3 require& 
C, 6!1.9; H, 0.79%). 

The semicnr~·azrme cr:vKtalliK{'id from dilute etha.nol,m.p. 173-74° (decomp.). (Found; 
C, 59.2; H, 0.2; N, HU. C, 3H, 70,N3 requires C, 59.31; H, 6.46; N, 15.96%). 

,B-Methyl-8-phe11ylvaleric Acifl (II: R,=R2 =H; R 3 =Me).-The keto-acid (1: R,=R, 
=H; R 3 =Me; 50 g.) was r<"duced by heating with amalgamated zinc (200 g.) and HCI 
(cone., 200 ml) for 24- hourt'l. The }Jroduct was purified as in the case of the &cid 
(II : R, =lie; R~=R3=H), b.p. 161-(j:!"/3 mm, yield 35 g. (Found: C, 74.7; H, 8.4. 
C,.H,60. requires C, 75.0; H, 8.:13%). 

3-.Jlethyl-6,i-benzauberone-1 (Ill: R, =R~=H; R 3 =l\le).-The above reduced acid 
(28.8 g.) was mixed with polyphosphoric acid (P 2 0 5 , 105 g. and 89% H 3PO.,, 45 ml) and 
heated on the steam bath for I hour with stirring. The product was purified as in the 
case of th.e ketone (III: R,=:Me; R.=R,=H). It is a light straw-coloured liquid, b.p. 
147"/9 mm, yield 15 g. (Found; C, 82.4; H, 8.1. C13H,40 requires C, 82.75; H, 8.~%1· 

2,4:-Dinitt'Ophenylhydrazone of this cyclic ketone crystallised from ethyl acetate 
in red needles, m.p. 195-96". (Found: C, 61.2; H, 5.1. C, 8H,80 4N 4 requires C, 61.01; 
H. 5.08%). 

3-.Methyl-6,7-benzsuberan (IV: R 1 -R2 =H; R 3 =Me).-The above cyclic ketone (14g.) 
was reduced by heatingwith o.m~lga.ma.tedzi~lc(60g.) andHCl(conc., 60ml) for 24hoam 
It is a,colorless oil with fragrance, b.p. I02-I04"i10mm; d4" 8 0.9486, n~ 1.5295, [Rr.]11 

52.05 (calc. 51.87). (Found: C, 89.9; H, 10.2. C, 8 H 16 requires 0,90.0; H,IO.O%). 

Catalytic Dehydrogenation of 3-Me«kyl-6,7-benuuberan.-The above hydr5_ ben 
(3g.) was heated with 10% Pd-C catalyst (0.3g.) in a. sealed pyrex tube at 380c400° 
15 hours. The product was purified through chromatographic fractionation on Brockm 
alumina with hexane, as in the previous case. The first and seoond eluates, each, cpntaintld 
a little quantity of an oil with chara.cteristico"dour. The oils were sep&l'&telyoonverted i.DJ,a 

picra.tes in metha.nolic solution. They melted within a range of 108-14°. 't'be picrate& were 
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mixedo-t~r and cry~t!l.lli~:~ed repeatedly f-rom methanol when yellow .needles melting 
at 115-16" were obt.nined. The mixed m.p. with the picrate of a.n authentic sa.mpi.e of 
2-m~tbylnaphthu.leno was not depl'essed. (Found: C, 54.71; H,3.41. Calc. for C17H,90,N3 : 

C, 54.98; H, 3.50o/o). 

:J , 3-D imethyl-6, 7 -benzwbera11 

flfl-Dim.et'hyl--y-btnzoylb?tfyric· Ac:id (I : R, =H; R.=R3 =Me).-tJtJ-Dimethylgluto.ric 
anhydride {45 g.), aluminium t•hloride {9H g.), and benzene (100 ml) were used. The 
produot was worked up as in the ease of the keto-acid(l:R=Me; R.=R3=H). This keto· 
acid ha.d b.p. 190-99°/5 mm, yield 57 g. {Found: C, 70.65; H, 7.2. C,1H,60 3 requires 
C, 70.90; H, 7.27%). . 

The aemicnr'x~;;;nne of thitt kcto-o.dd crystalli>«•d from ethanol in plates, m.p. 177-78" 
(decomp.). (Found: 0. (iO,;~:?; H, H.7: N, 15.2. C, 4H,90 3N 3 requires C, 60.64; H, 6.85; 
N. 15.16%). 

flfl-Dimethyl-8-plteny/'1.'(1/erir Acid (II: R, =H: R.=R3 =Mo).-The keto-acid 
(I: R,=H; R~=R3 =l'I~; 50 g.) "·as redueed by heating with amalgamated zinc (200 g.) 
and HCI (cone., 200 ml) for :?4 hours. It is a. colorless oil, b".p. 185-87°/l mm, yield 20g. 
(Found: C, 75.~: H, lUi. C, 3H, 110. requires C, 7;3.7:!; H, 8.73%). 

3,3-Di?n.etltyl-11.7-hellzsuberolle-l (HI: R,=H; R.=R
3
=Me).-The valerie acid 

(11: R,=H: R~=UJ=llo; 20 g.) was cydiscd with polyphos1Jhoric acid (P.O:~, 70g. and 
89% H.P04 , ;JO ml). The ketone distilled at 135-36"/:J mm as a light stra.\\·-coloured liquid. 
The oil gradually crystalliEred in the form of needles, m.p. 52-53", yield 10.5 g. (Found: 
C, 83.1; H, 8.42. C,3H,60 requires C, 8:2.97; H, 8.51 %). 

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,gH • .,04N 4 
requires C, 61.95; H, 5.4-3; N, 15.21 o/o). The semicarbazone of the ketone crystallised from 
rectified spirit, m.p. 21J..I-205°. 

3,3-Dimethyl-6,7-benzsu.lnran (IV: R,=H; R 2 =R9 =Me).-The cyclic ketone (ill: 
R, =H; R.=R3 =Me; 10 g.) was reduced by heating with amalgamated zinc (40 g.) and 
HCl (cone., 40 ml) for 24 hours. It is a colorless oil with fragrance, b.p. 105"/4 mm; 
~· 0.9329, n9~ 1.5215, [RL]o 56.84 (calc. 56.52). (Found: C, 89.45; H, 10.1. C, 9H,8 

requires C, 89.65; H, 10.34%)-

Catalytic Dehydrogenation of 3,3-Dimetliyl-6,7-be?tU-ube,-a'R.-The hydrocarbon 
(IV: R, -H; R.=Rs=Me; 3.07g.) was heated with I(}% Pd-0 "Catalyst (0.31 g.) in,. sealed 
pyrex tube at 380-400" for 15 hours. The product wa.s purified through chromatographic 
fractiona,tion exactly as in the previous case. The fint·and second eluates contained no 
aop':' The third, fourth, and fifth eluates, each, contained a small quantity of oil with 
.~cteristic naphthalenic odo~. The oils w~e separately converted into picrates in me· 
'tbanolic solution. They melted in the range of 108-14°. The picra.tes were mixed together 
and ctysta.llised repeatedly from methanol when yellow ne.edles melting at 114-15° were 
obtained.. The mixed·m.p. with the picrate of a.n authentic sample of 2-methylna.phthaleri.e 
was not depressed. (Found: C, 54.68; H, 3.41. CeJo. forC,,H,,07N 9 : C. 54.98; H,·3.50%). 
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Tho hydTocarbon was Tegenera.t-,d from the picrate by passing benzef.~~on of 
the picrate through Brockmann alumina and eluting with petroleum ether. It had m.p. 
:l:J.:l-l". The ultra,·iolet absorption spectra. study also suggests that the hydrocarbon 
is an alkylated naphthalene compound. 

Fiv-e subsequent eluates left no solute on removal of the solvent. Next the chroma.to. 
graphic column was elntl"d with hexane-benzene mixture (1:1). The eleventh,~b 
and thirt(lcnth cluati!B, each, left on evapoTation a small amount of a pale yellow eolid.. 
Those were mixed together ancl crystallised repeatedly from ethanol when shining flakes 
were obtaitw(1, melting at 1 i8-M3". 

The lJV a.h~torption Hptwtra. study waH madt• with the above substance. The a.baorp· 
tion maxima suggc>st that it is n dinnphthyl r.ompoutul or its alkyl derivative. An ethanolie 
solution of it Rhowed maxima at 21 i (log, cr, 4.2), 260 (log cr, 4.8), 310 mfL (logE, 3.8). 
As the quant-ity of the substo.nl'c was very small, n,o further study could be made. 

3 -Elltgl- 3 ·mel hyl· 6,i -bll'IIZB'IIbf.ran 

fJ-E:h!ll-{J-1B"'-t1~yl·y-be1170ylb1ltyr~~c Acid (I: R,=H; Ra=lle; R 3 =Et).-A solution 
of #-othyl·~-methylglutaric anhydride (77 g.) in bonzone, aluminium l'hloride (l32g.), 
and dry benzene ( l51J ml) were used and worked up, following the same method as in the 
previous cases. The liquid keto-acid had b.p. 21JM-l0°/6 mm, yield 90g. (Found: C,71.8; 
H, 7 .61. C, 4H, 80 3 requires C, i 1.79; H, 7 .69%). 

The semit:arba:wne of the keto-acid crystallised from ethanol in smaH needles, m.p. 
165-66" (decamp.). (Found: C, 61.58; H, 7.4; N, 14.32. C, 5H 1,03:S3 requires C, 61.85; B, 
7.21; :s, 14.43%). 

{J-Eth.yl-~-methyl-8-phenylvaleric Acid (II: R, =H; R.=Me; R 3 =Et).-The keto a.cid 
(I: R=H; R.=lle; R 3 =Et; 85 g.) was reduced by heating with amalgamated zinc (250g.) 
and HCI (cone., 250 ml) for 28hours. The reduced acid is a colorless oil, b.p. 195-97' /6 mm, 
yield 56 g. (Found: C, 76.4:; H, 9.24. C,,H..,O. requires C, 76.36; H,9.09%). 

3-Ethyl-3-methyl-6,7~benZ81Jherone-1 (III: R,=H; R 1=Me; R3 =Et).-The valerie' 
acid (II: R,=H; R.=Me; R 3 =Et.; 30 g.) was cyclised with polyphosphoric acid (P.O,, 
105 g. and 89% H 5P04 , 45 ml). The ketone distilled at 161-63°/6 mm as a light stmw· 
coloured liquid, yield 22 g. (Found: C, 82.8; H,8.7. C, 4H, 80 requires C,83.J6; H,8.91o/o). 

2,4 -Dinitropkenylkydrazone of the cyclic ketone "'as crystallised from ethyl acetate• 
as oran~e-red crystals, m.p. 217-18". (Found: C, 62.53; H, 5.62; N, 14.54. C,...H.,.04N4 
requires C, 62.82; H, 5.75; N, 14.65%). The semicarbaz~ne of the ketone crystallised 
from rectified spirit, m.p. 142-44°. 

3-Elhyl-3-methyl-6,7-benuuberan (IV: R, =H; R.=Me; R3 -Et).-The previo"tt 
cyclic ket:me (20g.) was reduced by heating with am.a.lgamated zinc (80g.) and Bet 
(conc.,80ml) for 24 hours. It is a colorless oil With fra.gra.nce, b.p. 1l0a/1mm; rP: 0.9393, 
n5~ 1.5235. [R~o]1) 61.18 (ca.lc. 61.168). (Found: C. 89.2; H, 10.65. C "U" requires ., ........... 
C. 89.36; H, 10.63%). 
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s;i~c Del&ytlrogsnation of 3-EtkyZ-3-mstAyl-6,7-be?lzi'UbSTan.-Th.e hydro~WbOD 
(2.85 g.) was heated with 10% Pd-0 catalyst (0.30g.) in a. sealed pyrex tube at 380-400° 
for 15 hours. The product was puri6.ed through chromatographic fractionation wit:.h 
hexane a.s in the former cases. The first and second eluates left no solute on removal of 
the l!olvent. The third, fourth, and fifth eluates, each, contained a small quantity of an oil 
~h characteristic odour. The oils were mixed together and the picrate wa.e prepared from 
m~lic solution. It was crystallised repeatedly from met:.hano1 in yellow needles, 
m. p. 115-16". The mixed m.p. with the picrate of an authentic sample of 2-methyl.uaph­
tb.a.lene was not depressed. (Found: C, 55.1; H, 3.41. Calc. for C,,H,30~8 : C, 54.98; 
H,3.50%)-

The hydrocmrbon was r<"generated from the picrate, as mentioned before, and solidifi.ed 
on CCJoling, m.p. 33-34". The UV absorption spectra study suggests that the hydrocarbon 
ia an a.Ikylated naphthalene. 

Five subsequent elu11.tes left no solute on cemova.lofth.e solvent. Next the cbrom&to­
graphic column was eluted with hexane-benzene mixture (1:1). The eleventh, twelfth, 
&nd thirt.eenth eluates. each, contained a. small amount of a pale yellow solid. The&e were 
mixed together and cr_v~tallised from hexanB eontainiJll a little benzene when sbining 
flakes were obtained. UV absorption spectra study SUBfsests that it may be a 
binaphthyl compound. 
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