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The formation of oorulenmd cyclic hydroaarbons, 

bollwed to be substituted hydroflaoroues, by the phwphoria 

auhydrlde Induced ayallratious of S-b~-3=methyl=cyelo- 

bexauol aud bensylmenthol, were described by Wallacb2. Later 

ltwestigatious3~* alearly remaled that the acld-aatalyred 

eyclisation of simple and substituted bengglcycloheranols w 

the oorrespoudlug oleflus, lead to the atrain-free5 bicyclo- 

(3.3.l)uouene system Iu~Uring a six-membered ring Somation, 

is preference to the relatively strained6 hydroflaoreue derira- 

t1Yes. As a part of a programno devoted to the synthesis of 

B-nor-dlterpeuoids, related to gibberelllns; we have reaently 

described' the synthesis of a substituted hydrofluorene 

(I, Fmi aud Me), which, to our kuowledgo, provided the first 

definite example of the fomatlou of a tqdrofluorene system 

through the cyclialkylatlon of a bonticyclohezaucrl~ In this 

commuulcatlou ve report few examples of this cycllsatlou 

revealing the iufluencre of the structure aul stereoahemlstry 

of the startlug beasylcyclohexanol derivative and of the 

cycllsatioa reagent! on the nature of the oycllsed produatr. 
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P~phosphorlo aeld Muted cyolisatlon OS Sbensyl- 

l,a-dimethyl-eyolohexand (II)t b*p. 132-1S"/WI ma.9 

prepared by the colldenaatlon of mthylmagnerium Iodide rith 

8-bea8+3-8et~l-aycldmxaaone4 , yielded the saturated bydro- 

oarb8n (III), b.p. W-Wo/O.4 mn.; A_ 250 m@ (log6 2.96), 

855 W (log6 3.08) aml 273 W (loge 3.08) in emelleat yield. 

The 8truature OS 'this hydroaarbcu was l stabllahed by Its 

deWdregenatio8 with W-C (lO$) to l-methylfluoreae and 

Lolatloa of the ketoae (I,?); b.p. 105-1080/0.4 zm,t 3 _ 

1708 ~6 (five-membered8 armatlu conjugated C=O); A_ 

818 * (loge 4.10 ami 291 W (loge 3;3)? through oxldatlaa 

with ohrami~ anhydride-aeetlo &Ad. On ayalisatlqa with 

AlCl3&Cl In bdlllng benareae' the aloohol (II) yield& 

8atvated 4droCarboa (v), bep. 135-135°/14mm~;~_%50mP 

(USC 8.03),.ti 3, (1ogC 3*08) cud 274 w (log6 2.92); in 

7# vleld. Thla hydrooarbonwaa reaovered unchanged on 

attempted dehydrogenation and oa oxldatloa yielded only the 

ketone CVI), b.p. 160°/12 mn.; a-1580 orno (81x-meabered8 

arcmatlc conjugated WO);h _ 254 W .(logC 4.12) a& 292 W 

(loge 3.3) i,nr'55$ yield* l-B~~-3,6_d~ethjl_cfalo, 

b.p. 1%1350/0.5 mm.; prepared by the oondensatlon of beaqrl- 

magne8lum dlorlde with ~-3+d~et~l~~lOhe~one~ with 

0 All new compounds for which melting and boiling points are 
reported have been charaaterlred by mloroanalytlcal data 

homogeneity of the solid aompomds have beea 
by thin layer chromatography wing silica-gel Q. 

Infraired spectra were determined la chlorororm rrolutlan 
and the ultraviolet spectra ln 95$ ethanti solatloa* 



2451 

V, R=H2; Rl= Me ; R2= H 

VI, R=O i f$= Me; R2= H 

VII, R-O ; R,f H ; R2=Mc 

III, R=H2 

N R=O 

Ml? 

6h 

M,R=Hp 

xn,R=O 

XrR=H2 

XI, P=O 
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PPA cycliaation yielded saturated hydrocarbons along with 

substaritlal amount of uncycllsed oleiin, (removed by repeated 

washing with cola concentrated ~ulphurlc add) whleh on 

.oxidation and chromatography over acla-washea alumina yieiaoa 

the ket;one (VII), b.p. 165O/l2 arm.; 3 -1620 am-l (six- 

membered aromatla conjugated C=o) X _ 254 dr (loge 4.07) 

and 222 m@ (lo& 2.95); scarlet-red 8,4ainitroVw, 

m.p. 123-124°jln 20~25% overall yield and a small amount of 

a yellowish llquld having I. R. band at 1705 cd (fire- 

membered ketone), which could not be characterlsed further; 

whereas the hydrocarbon fromAlC13diCl cycllsatlon on 

oxlaatl.oa yielded only the ketone (VII) in about 25% yield. 

Stereochemistry of the hpdrory-ester (VIII, B=Me), map* 

t3o, described ,prerlously7, has now been established from the 

propsrtles of the corresponding hydroxy add (VIII, R=H), m*p* 

1420, snd the Y-lactone (IX), m.p. 20.5', 3, 1765 cm-l; 

obtained from the acid (VIII, R=H), with toluene-p-sulphonle 

acid In boll&g bensene or by treatment of cold-benzene 

solutloll of the ester (VIII, R--Me) with sulphurlo acid. The 

struoture of the lactone7, m.p. 1060 has been established 

as (x). These stereochemical. asslgnu3nts have been made 

from the ndurro stuales(in CDC13 solution) OS the keto- 

lactones (XI), rn*p* 132~133O, 3 -1762 cm-l, A_ SO I@ 

(1ogE 4.1) and (XII), m.p. 142-1430, a-1770 cm-l, A_ 

250 Y (loge 4.0); obtained through oxidation of the 

la&ones (X) and (IX) respectively with chromic anhydrlde- 

acetic acid. The axially oriented proton at C-2 In the 
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keto-laatone (XI), appeared as 

the correspoAaing l i&uitoridly 

showed this singlet at Y 6.043 

observedlo differences of such 

ring. 
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a singlet at Y 6.20, whenas 

disposed proton in (XII) 

in agreement with the 

proton signals in cyclohexsne 

As reported earlier', the PPA induaed ayalisation OS 

the hydroxy-ester (VIII, R%e) at 80-82', yielded the hydra- 

fluorene derivative (I, R%e) in good yield, whereas the 

laatone (X), though was mostly reeooered under this coadition, 

yielded a neutral hydrocarbon at elevated temperature, having 

a hydrofluorene skeleton. The isomeria lactons (IX) showed 

similar behaviour with PPA and produced a neutral hydrocarbon 

which on dohydrogenation affordsd 1-methylfluorene. On 

ayclisation with AlC124IC1, the lactone (X) yielded the acid 

(XIII), m.p. 1800151°, a,1700 cm-l, n&.r* fiCD2)250 

solutiod showed a methyl doublet at V 9.17 and 9.05 and a 

methyl singlet at 8.65; in 49% yield. The methyl ester 

(diaxomethane) (XIV), mop. 96-96', smax 1720 am-l, on 

oxidation afforded.the keto-ester (XV), m.p. 89-90°, 3, 

1678 cm-1 and 1728 cm-15 A-_ 254 (log6 3.9) in 82% yield. 

The equitorial orientation OS the carboxyl group in the acid 

(XIII) was assigned from the relatively easy hydrolysi&l 

of the ester (XIV) (e.g., with refluxing 10% aqueous-ethanolic 

potassium hydroxide Sor about 2& hours) and also from the 

participation of the keto-group in the hydrolysis12 OS the 

keto-ester (xv). The axial orientation of the C-9 methyl 

group kas been tentatively assigned from donsideration of 
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the nechanirtla path or Itr rormation (m &&&. The 

lro88ria laatono (IX), oa rimllar ayali8etloa ylelded the 

aaid (XVI), mop* moo, 3-1696 am-l, a.m.r. CCDCl~, 

methyl doublet at Y B.19 UU 0.0 ud a methyl ringlet at 

Y 8.7 8nd (I, R=H) in a aM 16% yields rerpeatively. The 

mthyl l 8ter (XVII) (dla8omthane) mepa 9809Q”, Jnsx 1722 

on-l, oa oxidation ylolded tha k&o-ester (XVIII), mmpe 

96-96O, a-1678 or-1 and1798 ad, x, 268 w (logt 

4.16) la 7l$ ylold. The 8krOOaherri8tl'y Of this acid VP8 

l 88@lsd frmtb mrked n8icrt8lN& 8bOWdbJ'it8 mtbyl- 

l 8kr (XVII) tOWard hydrOly818v which could onlybe 

XIII 1 A : Ii2 ; RI= t-i XVlrR=H? R:H 

XlV,R- H2 ; R: MI XVII,Rs Hz;R’: Me 

XV, R-= 0 ; R‘: Me XVIII. R : 0 ; RI Me 
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hydrolysed LIIyIer drastic eoaditloas (o.g., vlth boll* 

8olutlen of pota88Ism bydroxlde (lC%) la l tmeno glyea fcr 

4 hours). !chemls-rm lndlmdaycll8atloaosthehjdroq.. 

l strr (VIII, IMe), on the otherhaM yloldad the acid (RII) 

in S$ yield, alt$n8 vltb a neutral fraotlon; from which the 

aoida (I, EM) and (XVI) vero obtained la about R# snd lS$ 

yields reapeatlvely after hydro48l8. 

The formtlan of the aald (XIII) from the lactose (9 

aan be rationalted by assumlq an iatmm8diato carbonlam Ian 

suoh as (XIX) (aatual nature ie, houenr, unkaom) follolnd 

by it8 fllppiaeto (XX), and opl$satlonatC4. SlmUarU 

a carbon&m Ion (XI), derived from the iaetolw (I%) a@ the 

ester (VIII, R=Ne), havlng suitably oriented bene gromp 

can cyallre through an ulal l ttaaK at C4, loadlag to the 

eompowld8 m aM XVII). The acid ORII) la the ayalta- 

tlon of the eater (VIII, RNe) eventually orlglaater from 

the laotom (x), iarmed throughthe aarboairn laa m),W 

l plmerlsatloa of the beam1 group prior to It8 qallsatloa 

'to (I, R=Me) aM (XVII). Thew eyallratloa8 can b8 nuombly 

represented by a tramsltloa &ate, rush aa (XXII) vltb 

rterloally favoared &mg orientation of the C-9 methyl greap 

vlth nspeat to the axially l pproaahlng uamatla nualou8 at 

C4, giving rise to the pmduatr (XIII) and (XVI), having 

ulal C-9 methyl group* The porslblllty that the aaldo 

(XIII) and (XVI), both or olther of them aa~ have the 

8truCture (XXIII) ulrrlag from cpcllsatlon at C-6 la the 
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oarbonlum lona (A) and.(W), though oould not be dlsmrded 

-from the widena available 80 far, houever, seems highW 

lmprotible, as in bringing the benzene ring at C-6 in the 

transltioa state would involve tmfavourable aterio inter- 

action with &g-oriented group at C-l. 

In all there examples PPA induced cycliaatlon most4 

prodwed tb oonpoumle lnvolvlng the -atIon at the 

tertiary eyclohexane cmrbonium iona, irrerpectlve oi the 

rrtabilltles of the final produatr (kinetically controlled). 

The AlCl3-ECX oatalysed cyallsatlon, on the otherhand, 

proceeded through a ravourable tradsitlal state leading to 

the rtrala-free bensoblcyclo(3~3~l)nonene derivativea, 

(thermodyaamlcally controlled), exoept ia the aaae of laetollb 

(1%) and ester (VIII, R--Me), where rubstaatlal amount of tJw 

bydrofluorene derlvatlve was also formed. This may be due 

to the decrease in energy difference between the two tranal- 

tlon states ln the formation of blcyolo(3.3.l)nonene ayrtem 

(XVI) and the hydrofluorene(1). 

We thank Rofersorr R.B. Batea, T& H~drrdU and 

Dr. M. Nair for kindly recording the agm.rg rpectra reprted 

In this conummlcatlon and professor P.C. Dutta for his kind 

interest in this vork. 
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1. The aotua3 ruttire of therre produatr are being Inverti- 
gated la oprr laboratory. 
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