
Some cyclohexenone acetic acids 1 and some dihydro- _ _ 
benzofumnones 2, when treated with pyridine hydro- 
chloride (PyHCi), undergo ~ma~tion to arylacetic 
acids 3.‘$ 
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Ahrhrctsoare cyclohexadieaols, when heated at 2W with PyHCl. gave, through dchymation aad isomc&atkm 
the conesponding benzene derivatives. So 2.6dibenzylidcn-cyc1ohexanols gave m-diinzyl-bcnzencs, 2-b& 
~tiden-t-~~ois gave 2-~l-~ph~~~ and 2,6dicyck&excnyi cycIohexan& gave m~cyclo~xyi-~ 
zaas. The conelation between these aroma&a&s and thosa of cycIohaxanone acetic acida to afylack acids are 
here discussed. Some by-products, which were obtaiocd in the aromatkatioa of 2-bcaxylidana-l-tetralols, are also 
described. 
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The diallyfic alcohol derivatives 4 and 5, which were 
proposed as intermediates in the aromatisation of cycle- 
hexenone acetic acids 1,2 may also be thought to be the 
intermediates in the d~y~~~f~ones 2 81oma- 
t&ion. 
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In order to test the pla~i~i~ of this hypothesis we 
investigated the behavioor towards PyHCi$ of some 2,6 
~~lidene~yclo~~ls 6: 

0 tn. 4 c, a) 

and of some 2-~~ylidenei-~~ols 7 

. ,-’ -, -, -, -, -I 1: n-wns 

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

OH ” ww 0 \ 0 \ 
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The ~~li&n~yclo~~ts (two of which already 
descrii in literahue) were obtained, according to the 
known proccdurep by a NaBH. reduction of the cor- 
responding ~~~n~~lohe~o~s. 

By heating these compounds for a short time at 200- 
22Pwith PyHC1,thmespondhgmdibemyhenzenes 
10 were obtained, thus compounds 6a? 6b3 6e and 6d 
gave the corresponding compounds (yield 95): lOa’ (45), 
lob (44). tars, lad (38). 

10 (a, b, d) 

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

The behaviour of 2-~~~~1-~0~ 7 towards 
FyHCl proved to be more complex. All the compounds 7 
reported ia the table maoy of which are aiready described 
in literature, were obtained by NaBH, reduction of the 
corresponding ketones. 

It was again possible, by heating at 2&m with 
PyHCl for a short time, to obtain from the compounds 
70, b, d, e the corresponding 2-~~h~n~ 11 

1381 



1382 M. Grmmvmu and L. B,uoccrn 

Table I. Armnatisation of 2-hcnzylidcm-1~etralol.3 

in preparative yields by puritlcation 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-benxyl-naphthalenes. In 
particular we studied, in glc/Mass, the crude mixture 
obtained from 7~. Five peaks were detected: a major 
peak (B) due to 2-benxyLnaphthalene, a peak with a 
shorter r.t. (A) due to a dihydrobenxyl-naphthalene, a 
peak with a longer r.t. (C) isomeric to 2-benzyl-naph- 
thalene but different from the I-benxyl isomef and, at 
last, two partially superimposed peaks (D, E) identified 
as E and 2 isomers of 2-benxylidene-l-tetralone. 

As regards the substance corresponding to peak C it 
shows in the glc/MS analysis a molecular peak with a 
mass corresponding to Ci7HIb A peak with the same r.t. 
and the same mass spectrum was also obtained, in small 
quantities from the pyrolysis of Zbenxyl-naphthalene in 
contrast with Graebe” which assigned the formula 
Cd& to the pyrolysis product of 2-benxyl- 
naphthalene.” 

The glc analysis of the crude mixture showed the same 
pattern already described for the crude mixture obtained 
from all the other 2-benxylidene-I-tetralols (except for 
7e) submitted to PyHCl treatment. The only difference 
remarked is the relative heights of the peaks. In the case 
of 71 (B= o-Me), the major peak noticed in the glc 
analysis was the one corresponding to peak C. From 
recrystallisation of the crude mixture we did not obtain 
the 2+-methylbenxyl~naphthalene but the substance 
relative to peak C. 

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

12: R = Ctis 
13: R=H 

Based on the analogy of the above results the structure 
of 7H - $6 - dihydro - benxo/c/fhtorene 13 was assigned 
to the substance relative to peak C of the crude mixture 
obtained from 7s. 

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

DiEering 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, mdicyclo- 
hexyl-benzene was separated by distillation, which showed 
a single peak in glc; on the contrary a mixture, showing in 
glc the presence of mdicych3bexylbcnzen in addition to 
o&r peaks, was obtained from 8. 

The reactions above descrii were not obvious since 
the 2-benxyl-naphthalene itself was recently obtained, 
startin from the alcohol 7~. in two steps i.e. hydro- 
genolysis followed by dehydrogenation with PI(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 tinal 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 descrii.lJ 

It also seems reasonable the formation of the dihydro- 
benzo/c/ffuorenes by intramolecular alkylation of the 
cation 15. 

m 
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Both these side reactions are obviously favowe4 by 
the activating substituents of the benzene nucleus and 
disfavoured by the disactivating ones,15 takiug therefore 
into accouut the extreme behaviours of di-p-methoxy- 
henzylidenccyciohexanois and p - cyaoo - henxylidene - 
tetralol respectively. 

As to the greater difficulty for the aromatisation of the 
two isomeric dicycio~xenyl - cyclohexanols, this seems 
due to a greater difficulty in formiug an initial carhonium 
ion which is less staMiscd than an allylic one. More 
particuhuiy the hehaviour of 8 may he attributed to the 
facitity of this compouod to undergo a transelimination 
of water with formation of a trienic compound for which 
the i~rne~~~~ to m~cylohexenyl-bone is only 
one of the possible evoIution pathways. 

M.ps were determined on a Biicbi apparatus and arc uncor- 
rected. IR spectra were taken with a Perk&Elmer 257 spec- 
trometer and NMR spectra with a Perkiu-Elmer Hitachi R 24 (@ 
W) spectrometer (with TMS as interaal staadard). Mass spec- 
ha were mcorded as a LKR 9DMl spectrumeta. Gas chromato- 
graphic aaalyses were petformed on a PerkhElmet F 11 ap- 
params equipped with F.I.D. and OV 17 1.5% ghss c&ma (1.2 
m x 4 mm di). 

Tbe new 2,6 - dihuylkien - cyclohexano~s were obtained 
from tbe comspondi~~~ 2.6 - diinzylideae - c~clolmamnc~‘~ 

according to &e‘pmce&& descrii.~ _ 
2.6 - W - p - tnethyknzyiiddnu - cy&hexaml6d. Yield 7846, 

m.p. 129-30” (bexane-etbyl acetate) v, (CHCII) 3580,34CQ, 1510 
cm-‘, ‘H NMR (6, CDCM, 1.70 (mm, W. -CH&!&-CHT_), 2.05 
(d, iH, J=SHz, -Om. 2.32 (s. 3H, PM&), 2.60 (m, 4H, 
~CH&!&CHr), 4.65 (d, IH, J = SHz CHOH), 6.55 (s. 2H, 2 
PuH=), 7.1T(s, 8H, aromatics). (Found7 C, 86.59; H, 7.93. 
CnHuO nqmres: C, 86.%0; H, 7.95%). 

~6-a’-p-nitrobatrylidsr-cy~o~6cYietd4646, 
m.p. IS-20 (&OH). ‘H NMR (8, CDCQ, 130 (m, W, -C&- 
CH&H&, 2.60 (a SH, -C&XHz-OH, and -OH); 4.68 (s, lH, 
&OH), 6.75 (s, ZH, Pb-C&), 7.45 (d, 4H, J = SHz, aromatics), 
8.23 fd, 4H, J =8Hx, o-&o-aromatics). (Found: C, 65.30; H, 
4.9% N, 758. C&i&O, requires: C, 65% H, 4.95; N, 7.65%). 

13j_llibnrzrl-!~nrma 10. Tbe chosen diinxylidemcyclo- 
bexanols (0.03 moles) sod PyHct (SO g) were bra&l in an &en 
f&k at m (bath ternoh for 30 mia. Tbe cooled mixture still 
molten (above 12U’) w&‘poure.d into water. The residue which 
was obtained after extraction with etbylctba and removal of the 
solvent, was distilled and tben recrystallised from a suitable 
solvent. 

1,3 - IMer~zyI - hrzare 1Oa. YieM 4596, ap. 16” (petmlztber). 
(Lit.’ 16.P17). 

lf - di - p - ~/&M&R~ - brnzrnr lob. Yiild 44%. m.p. 53-W 
@etSOkthCi); u,, (CHOIR 149@~1095,1028 cm-‘; H-&MR (8, 
CDCU. 3.88 ts. 4H. Pb-CH,-Pbh 7.15 (m. IW. arom.1 CFound: 
C, 73.71, H, i$l C&,&&q&s: C, j3.41; H. 4.9346): 

I,3 - LX - p - chap - kme 1Od. Yield 38%. rap. 
44-4y (EtoH); v, (CC&), 1600, 1510 cm-‘; ‘If-NMR (6, 
CDCI,), 2.30 (s, 6H, C&-Pb), 3.88 (s,4H, Ph-CH-Pb), 7.08 (s, 
12H, arom.). (Found: C. 91.97; H, 7.65. C&H, re$re~ C, 92.26; 
H. 7.74%). The 2 - benzvliden - 1 - tctxaiols were obtained from 
the correSponding 2 - b&y&n - I - tctraloneJf6 acmding to 
tbe procedure descrii ill reference 3. 

2-p-Cyaao-bm@dene-1-fdmld7e.From2-p-cyauo 
- benzylidene - 1 - tetrakm@ yieki 7096, m.p. 122-M (9!? 
BtDH): ‘H-N?& (6. CDCM. 2.80 fm. SH. =C-C!H&&-C=+ 
-OHj 5.20 (s. 1H; &&j,~ 6.73 (i, iH, -cE),-?h@70 (m, 
8H. arom.). &out& C. 8247: H. 5.79~ N. 5.54~ C&i&O 
nq;irrs:d,11273;H,S.f9;N,S:~). . .- .- 

2-o-M~h~-bauylidau-f-tcrmld7fwasobtaiaed,ia 
quantitative yield, from 2 - o - methyl - bcnzyw - 1 - 
tetrahei7 as ~~~ mate&l wbicb decomposed on 
bea?& ‘H-NbfR co&med its structure (S, CC& 2.18 (s, 3H, 

Pb-C&f, 2.65 (m, SH =GC&-C~= t OH), 4.98 fs, f H, CH- 
OH). 6.55 Is. IH. Pb-CH=h 6.90-7.45 (m. BH. arom.). 

Giclm0sS~ anihysis Gj he atvmatisatiok~ mix& from 7a. 
Compd. 7ti (11.7 9) and PyHCl(58 g) wm beated at 2Z? for IS 
min,thestillwann~waspoundiatowaterandtheoil 
which separated, was extra&d with etbyktber. Mter removal 
of tbe solvent, tbe residue was distilled to give an oil (10 g), b.p. 
lso0 (0.5 mmHg), which sbowcd iu gkhass aaalysis (1.5% OV 
17 on Cbromosorb W 8tLlOO mesh. T=23OQ five peaks with 
the following mm spectm: 

peak A m/e (relative iuteusity~ 220 &i+, 281,129 (RX), 91 ftl), 
correspond&g to a ~~y~~-~b~ne. 

peak B 218 (M+, IOR), 203 (191,202 (24). 141 (21). 127 (5),91 
(1 l), corresponding to 2-bea.zyl-napbthlene. 

peak C 218 (M’, MO), 203 cn), 202 QS), 121 (9). 108 (19). 104 
(1Q Eomspondins to 7H-S&dihydm- 
bentoklmwmne. 

peak D 234 (M’, a), 216 (100). 215 (58), 205 (9), 189 (9). 121(9), 
105 (16), 78 (IS) comzsponding to 2-benzylidene-l- 
tetnhae (2 isomer). 

peak E 234 (M’, 60), 216 @IO), 215 (70). 2M (65). 205 (90), 191 
GO), 189 GO), 178 CEO), 232 (401,lof (601,103 MO),91 
(23),78 (60). corresponding to 2-ben@idene-l-tetra. 
lone (E isomer). 

Action of PyHCl on 2-barzy&h? - 1 - t&&Is 7. The chosen 
benxylidene tetralol(O.03 mol) aod PyHCl (SO B) were be&d in 
enopenBaskatthetempandtimenvportediathtTablel.The 
cooti mixture still molten (abave l* was poured into water. 
The residue which was obtaiuul after extraction witb ethyl ether 
and removal of the solvent was.analysed in dc on OV1, c&ma 
at 23tP aod then recrystaliised 0; di&kd. 

In the case of lla the product was isolated. after distillation. as 
picrate. Tbe corresponding benzyl-uapbthahs were obtai& 
from 78, b, c, d, tbc 7H - 5,6 - dihydro - 8 - methyl - 
~~c~~~ from 7f, only tars from 7c. 

2 - p - Chforoh~zy~ - naphhlate llb. Gk analysis of the 
crude mixture showed a major peak corresponding to B due to 2 
- p - cbtombenzyl - napbtbalene, a peak correspondii to A and 
only traces of peaks urmspoadii to C, D and E. 8.p. 1901(0.5 
mmHg). m.p. 50-51” (from petmktber) (Lit.” = St-ST). 

2 - p - Meihylknzyl - &thaiew lld Gk ansly& of the 
crude mixture showed a major peak corresponding to B due to 2 

- metbylbenxyl - oapihi&nc and traces if peaks car- 
zmndh to C. D and E. B.o. 1759 10.5 mmH&. m.a. X5-56* 
(f6m !W-~OHj(Iit.85%o).~ . -. - 

2 - p - Cyan~ - ~~~~ 11~. Gk analysis of tbe 
CN& IEiXtUrC ShOWCd OUty Olle PC& hi.& 1 f l-l 14” from hCX- 

ant-MAC, ‘H-NMR (4 CDCI,), 4.18 (s. 2H. -CH3, 7.05-7.85 
(m, 1 lH, arom.); IRu, (CWCI& 2230 I&-‘. (Fou&?, 88.62; H, 
5.38: N. 5.88. C,&trN z&es: C. 88.86: H. 5.39: N. 5.76%). 

7%&ii - Lxhyim-- 8 - itdhyl - ~~~~~ u The &Ilk 
mixture from 7f showed, io glc analysis, a major peak car- 
responding to C and other prominent peaks corresponding to A, 
B, D and E Two ~s~tions from be~EtOAc 7~3 
tiorded I2 (yield 25%), m.p. 137q; ?I-NMR (8, CD&), 232 (s, 
3H, C&Pbh 274 (m, 4H, CyrCH& 3.31 (s, 2H, =C C&-C=), 
6.85-7.85 fm, 7H, amm.). CFound: C, 93.1)6; H, 6.94. CtsHta 
requires C, 93. lo; H, 6.89%). 

NaBH, nductk?n of 2.6 - &cyclohextn~ - cycfohexanoti To a 
suspension of 2.6 - dicycbhaxeuyl - cyclobexanone’2 (6.7 g) in 
MeOH (SO CC) NaBft (about 1 g) was added, at room temp., uat.iJ 
ao more starting product was present in tic analysis (hexane- 
EtoAc 91). 

Tbe mixture was poured into water and extracted with ether: 
after removal of tbe solvent the residue (6 RI showed in UC two -. 
spots. A column cafe separation on silica gel (eluent: 
home-BtOAc 9.5:053 afforded two isomer& diem& 8 and 9 
with R, values of 0.6 a&i 0.5 respectively. 

(a)ta,~,6q-M-~~-c~f~~a(R/=o.~ 
2 a). Undo oil. ‘H-NMR (s, CC&). 1.12 (s, IH, -O@, 
1.46-2.20 fm, 24 HI, 3.61 (s, IH, CM-OH) 5.50 (s, 2H, CH2- 
c&Q; IR GXf4h v, 3560 cm-‘. (Found: C, 8222, H, 10.99. 
Cl&o requires: c, 8za: H, 10.84%) 

oOthcbasisofitsNMRspectnua,tbestnrctcatSwasassig- 
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ncd. The Sk!@ a2 3.81 &c&GH) irldkates that thm is w 
coupling bchvcca Y&c carbid methim proton WKi the vicinal 
ones (sxial~ Iddionsbip).” 

(%) la, 2/J, 68 - 2.6 - dicyclohcxcnyl - cyclohexanol9 (Rf = 0.5: 
I g). Undistilkbk oil. 

‘Ii-NMR (s, CCL,), 1.10-2.20 (m, 25 H), 3.27 (1, lH, J = 9 Hz, 
CH-GH), 5.50 (s, W, -CH&+C); IR (CCL) v,,,.~ 3555 cm-‘. 
(&nd: C, 82.85; H, 11.01. C&I& requires: C, 83.02, H, 
10.84%). The triplet at 3.27 with J = 9 Hz rekvant to the carbinol 
lllCthirlCprOtOUindiMtGSadilUifdLXXlpliltg&UIdthUSaI~- 
rcktionahip between the OH and tbc two cycbhexenyl gr~ups.‘~ 

m-~-bauarcCompound9(1g)and~H~(Sg) 
wrreheatedfor6hratwPuntilm,mons~ptoductwss 
present in tk (hexanc_EtoAc 9:l). 

~~~~~~~~~~~CX~~~~ 

after fmoval of the solvent. the residue wa!i dktilkd to give 
mdicyclo&xyl benzene, 0.5 g. b.p. Iso0 (0.5 meM& @it.‘*= 
210-14. 18 mmH&: ‘H-NMR (6, CDCl3), 1.4-2.9 (m, 22 H). 
7.0-7.4 (m, 4H, a&.,. 

Comwuad8IlnlaadPvHClwattrwtedfarlihrat2300:trom 
thCllliXtWW~up~3bOVG,~nsidusWXSObtakCd&h 

showed in glc the presena of mdkycbhcxyl-benzene and several 
othcrunid&iMpeab.No~ortwaamsd:toobtainm- 
dicyclohexyl&nzenc as a pure wmpoui. 
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