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The acid-catalyzed cyclization of l,+dienee may eerve 

ae a model for the chemical study of the biogeIletic path- 

ways leading to the fowtion of polyoyclic terpenee from 

their acyclic precureore. Coneiderable rork haa been done on 

the ecope of this reaction /l/, but the eystematical study 

of ite etereochemietry ia lacking. 

Eechenmoeer et al /2/ reported that the acid-catalyzed 

cyelization of tie-6.7- and trans-6.7-isomeree of apofarne- 

eylio acid proceeds non-atereoepeclfically and givee deriva- 

tives of the tranz-decaline series only. This reeult promp- 

ted theee author8 to euggeet that the etereoepecific cycli- 

ution of isoprenoide ie poeeible only with the participa- 

tion of enzyme8 /3/. But a8 we had ehown earlier it ie 

poeeible to carry out the etereoapecific acid-catalyzed 

traneformation of etereoieomerio gerenylacetonee /4/ and 

geranylacetic acid8 /5/ Into the derivatives of hexahydro- 

chromane, stereochemistry of ring junction in the latter 

. 
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being determined by the tie- or trane-configuration of the 

6.7-double bond in the initial molecule. hence we euppoeed 

/4/ that In general the etereoepeciflc course of the non- 

ensymatic oyclieation can be achieved provided an effecti- 

ve nucleophylic centre ie preeent in the molecule (oxygen 

of c=o group in cited examples). From this point of view 

the afore mentioned reeulte of Bechenmoeer may find ceaeo- 

nable explanation in the reduced nucleophiliclty of the 

lO.ll-double bond owing to the conjugation with carboxy 

group. 

Thie study was undertaken to determine whether the 

removal of the eleotron-accepting group from the conjugati- 

on with l.O.ll-double bond would result in the change in the 

etereochemietry of the oyolization. pure tie-6.7-trane- 

-10.11 (Ia) and trens-6.7-trane-10.11 (Ib) ieomeree of 

farnesylacetone were taken ae the models. ThB reaction was 

carried out with the eulphuric acid (lOO$) in the eolution 

of nitzopropane at -70% (the procedure previously ueed for 

the stereospecific cycllzation of geranylacetone /4/). 

we have found that Ia ae well aa Ib could be smoothly 

converted into the mixture of cyclic products. It wae shown 

that the ratio of the componentax in this mixture depende 

x petertied by g.l.c.with G.-I,.-Chromato 
$ 
raph SKB-IOGH, 

USSR, Stationary phazee: 10% Apiezon Y A) or 10% 
neopenthylglycoleuccinate (B) on chromoeorb W (60-80 me& 
size, alkali waehed); gas-carrier- He, 60 ml/mine, 
9~)2100, column lt2.3 m., $ P 3 mm; detector - catharome- 

. 
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entirely on the reaction conditions. When a large exceae 

of eulphuric acid is wed it is poseible to get as a main 

product the tricyclic oxide II (up to 60% in the mixture 

by g.l.c.-data). This substance may be isolated in the 

pure form with a yield up to jO$ by preparative scale 

thin-layer ohmnatography on neutral silica gel with 

eubeequent purification via the aemicarbazone of hydmxy- 

ketone. The oxides prepared from Ia and Ib are quite diffe- 

rent by their g.1.c .-choracterietice. Semicarbaeonee of 

the corresponding hydroxyketonee have different melting 

pointe. The reactions eummarised in the scheme, ae well ae 

I.R.- and R.&R.-data show that both IIa and IIb are tri- 

cyclic unsaturated oxide& 

1116 m.p. 17f-l72’ 

$616 ‘,“-I lss4 cm-' CC-o- 
a70 m-1 0bB cm* ic 

t,55 p.p.nl. \ 9,5B p.p.nl. CC-O- 
? 

,Q 

.DH 
H" NN NCONe 

IlIa mp. 189-190’ 

OH-group and do&e gond are akent 
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I.B.- and H.Y.B.-spectra of IIb are completely euperirpo- 

sable with those of (-) sclareoloxide, prepared by the 

oxidation of natural solareol /6/. They are also identical 

by &l.c.-data. Hence it follows that the acid cyolisatlon 

of trans-6.7-trane-lO.ll-farnesylacetone (Ib) results in 

the formation of raeemlc solareoloxide with trane-anti- 

-traus-configuration as shown in the structure IIb. 

The lsopsric oxide, prepared from cis-6.7-trane-lO.ll- 

farnesylacetone (Ia), has larser retention time 5n 8.1.~. 

(t IIa*tIIb = 1.05 (phase A) or 1.12 (phase B) and its 

I.B.- and especially li.Y.R.epectra show remarkable diatinc- 

tion from those of IIb. Sinoe the Initial ketollse Ia and 

Ib differ only by the configuration of the 6.7~double bond, 

their cyclisation products IIa and IIb ehould differ only 

by the stereochemistry of A&ring junctiona. Trane-juncti- 

on of YB-rings in IIb has been already proved; consequent- 

ly IIa should have oie-junction of A/B rings, as shown in 

its formula. The comparison of B.&R.-spectra of IIa and 

IIb also eubetantlates the etereochemietry as assigned 

above. 

proceeding from the N.Y.B.-SpeCtI%l data on di- and 

triterpenes /7,8/, we suppose that the chePlica1 shift for 

angular methyl group at Cl0 is in the highest field in 

comparison with the other smthyl group sIgnale i.e. 

&,3 = 0.875 p.p.m. in IIa end tlo_ca = 0.76 PAPER 
3 

x oxide IIa as well as IIb should have Wane-fusion of B/C 
rUga in aocordanoe dth the data on the stereochemistry 
of the cyclleation of gerenylacetone to the derivatives 
of hexahydroohromane /4/. 
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in IIb.Prom the etlldy on stero1a /gi and elmple decaline 

derivatiuee /lo/ it ie known that the angular lo-methyl 

peak for the trane-decaline eyetem lies 0.1-0.13 p.p.m. 

to high field from the poeition for the corresponding 

cis-decalino isomer. The differenoe obeerved for IIa and 

IIb ( 6II, -$IIb = 0.115 p.p.m. to low field) is quite 

coneietent with suppoeed cis- A/B ring junction in IIa'. 

The choioe between tie-eyn-trana and cis-anti-trane-con- 

figuration in IIa in favour of the former hae been made 

on the basis of the coneideration of the etereoepecific 

a The comparison of mass-spectra of IIa and IIb alao 
confirmed the aeeigned etereochemistry (preliminary 
data). 
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cyclization as tram-antiplanar addition in the most fa- 

vourable all-chair conformation of acyclic molecule /2/. 

The stereospecific formation of the trane-dbcaline 

system from trans-6.7-farnesylacetone and the cis-decaline 

system from its tie-6.7-isomer is the first example of non- 

-enzymatic stereospecific cyclization of isoprenoids. This 

result shows the chemical validity of the main postulates 

of the Biegenetic isoprene rule. 

We also found out, that under the conditions mentioned 

above it is possible to carry out the cyclization of o(- 

and /6-monocyclofarnesylacetones (IVa and IVb; trans-confi- 

guration of the 3*,4*-double bond). Strikingly enough 

tricyclic oxide products from IVa and IVb were different. 

They were isolated from the reaction mixture (content up 

to 7O% by g.1.c.) by the conventional procedure with the 

yields about 40$. By use of I.R.- and N.M.R.-spectra, end 

g.l.c.-deta we identified the product formed by the cycl+- 

sation of IVa with tricyclic oxide IIa and that derived 

from IVb with oxide IIb. Thus we have shown that the diffe- 

rence in the position of the double bond in the ring of 

monocyclofarnesylacetone (4(- or p-) determine6 the diffe- 

rence in the stereochemistry of A/B ring junction in the 

tricyclic product formed (cis- or trans-resp.). It is the 

first example of a new pathway for the stereospecific 

eyntheeia of polycyclic compounds and it may be also useful 

when coneidering the biogenetic problems. Similar regulari- 

ty had been observed by us earlier for the cyclisation of 

o(- or _p-dihydroionones /ll/. 
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All these results demonstrate that the nucleophilicity 

of the isolated lO.ll-double bond ie quite sufficient to 

warrant the etereoepecificity of the deealine syefem forma- 

tion. Hence we suppose that in general, stereoepecificity 

of the acid-catalyzed cyclization should be observed for 

all caees, where only isolated double-bond8 with similar 

nucleophilicity are involved. But such equivalence of the 

double bonds would be the main reason for the etructural 

non-selectivity of the process. Therefore special attention 

ehould be paid to the study of the factors affecting the 

structural trend of the reaction. 

A detailed paper on the whole subject will be publi- 

ehed ehortly. 
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