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The mechanism of the acid cyclisation of isoprenoid
compounds is rather obscure but it is well known that
this reaction starts with the protonisation of the termi-
nal 2,3-double bond accompanied by concerted (or non-con-
certed) interaction with other double bonds (6,7-, 10,11-,
etc). It seems reasonable to suggest that the same process
may be induced by the addition of any electrophilic cation
of the type Xf to the terminal double bond. As a rule the
interaction of conventiocnal electrophiles such as Br2,
Hg(OAc)z, NO,Cl, etc. with open-chain 1,5-dienes proceeds
by means of the addition of the elements X' and Y™ to the
one double bond, the other double bonds taking no part in
the process, One may anticipate that such participation

would become possible in the cuse of electrophilic

) The work has been done in the "Fine Organic Synthesis
Luboratory", which is neaded by prof.V.F.Kucherov.
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reagents with anions Y~ of decreased nucleophilicity.

Olak and his coworkers have extensively siudied

+

reagents of the general formula x+/MeHaln/, where X = g,

r", reot No,", etc., e = sb, B, As and Hel = F, C1, and
have showed that these were very powerful agents for aro-
matic electrophilic gubstitution /1/ and for the initia-
tion of olefin polymerisation /2/. The purpose of the
present investigation was to study the possibility of
carrying out the cyclisation reaction of 1,5-dienes by the

general scheme shown below

@\ﬁ» X' MeHats) — T_J 1+ H'MeHoti]

A8 a model compound we have chosen geranylacetone (I)
since the steric and structural course of its cyclisation
under different conditions, had been thoroughly investi-
gated earlier /3/.

It was observed that under the action of CH3C0+ Bp4'
(3 moles; prepared by the rea-tion of CH30001 with AgBF‘4
in nitromethane) in nitromethane solution trans-6,7-gera-
nylaceton: (Ia) is smoothly converted (-20°. 5 min, ) into
a mixture of the cycloproducts. According to g.l.c.-data
there are three main products in this mixture in the
ratio 4:2:1 which =~ccount fer more than 8Y% of the total
sum. The major product has been isolated by chromatography

on silica with a yield up to 35%. Its empirical formula,
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c1532402/4/, is compatible with a structure formed by the
addition or one acetyl group to geranylacetone. This
gtructure, IIa, has been established by the chemical and

spectral evidence shown in the following scheme /5/.

CH co cu co
0 Dt/cw;coou 0

Ta fia, mp. 9?’— 98° ia, mp. 80-81°

1,6 eq.xC=0 (Oxim) 07eq.C=0(0xim)
Veni* 748 (>C=0); {702(-C=C-0)/6/ 1748 em (>C=0)
>C=CH, , -COCH,C0- are-aBsent  >C=cH- and HO-
Sppm 144(5-CHik; 16(9-cHy); ~are absent
24(CH,COCH)Y;, 094 and 089 —

- 1(CH;)2 /?/

Tiq LC¥aC000H _ “a\( : Cro,/CHsCoOH m
Q200" AgN TLiNE;
IV, uield 75% v

tositate mp 105-107° v 1718 cu’ (5C=0)
Sp,ﬂmv 1,04, {.44, 147

and 1.27 (methyt
groups;

The cyclisation of the cis-isomer (Ib) proceeds in
the same sense, but the resulting mixture is more compli-
cated and the content of the desired product IIb doesn't
exceeds 35%. It was isclated in the samne way and its strur-

ture was substantiated by the data quoted in the scheme.
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CH,CO H CH;Co
0 0~ Pt/cHycoon 0
1s

I8, mp. 35-37° me.

4.Y eq >C=0 (oxim) 0.7 eq.)CsD{oxim)
Nem™ 20 (VC=0); 1696 (~C=C-0-) 1720 (>C=0)
8 ppm 116 (5-CHy): 1.53 (9-CHy);

2.4(CH,COCH); 0.88-1-(CH,l,

The products IIa and I1b are formed exclusively, or
at least mainly by a stereospecific process since the
admixture of IIb in IIa is never more than 5% and that of
IIa in IIb - about 30% /8/.

The stereochemistry of ring-junction in II (a and b)
has not been unambiguously proved thus far, but on the
basis of our previous study on the steric course of the
acid cyclisation of geranylacetione /3/ we may assuredly
suggest trans ring-juanction for IIa and cis- for IIb. In
order to establish the configuration of the substituent
at C-2 in IIg we have investigated the steric course of
the reduction of ketone V. It is well known, that the
reduction of ketones with 1ithium in liquid ammonia gives
rise to tne more stable equatorial isomer. In the case of
V this method led to the exclusive formation of the star-
ting alcohol IV, identified by g.l.c.comparison on polar
and apolar phases. It follows that the hydroxyl group in
IV is equatorial /9/. This result also estaklished the

equatorial configuration of the acetyl group in IIa since
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the formation of IV from Ila proceeds with the retention
of configuration at C-2.

The products of type II (a and b) could also be
formed by the analogous treatment of I with other acyl
cations of general formula RCO+BF4' (R = CHg, i-C4Hq,etc).

We also found that alkyl cations from reagents of the
type R+BF4' also may serve as the initiators of the cycli-
sation reaction. The compound CH300H2+BF4', readily prepa-~
red by the interaction of CH3OCH201 and AgBF, in nitro-
methane, proved to be especially active. It was shown that
the reaction of Ia with two equivalents of such a complex
proceeded smoothly (-25°, 5 min.) yielding a cyclic
product VIa., It was almost homogeneous according g.l.c-
data (about 85% of the major peak) and could be purified
by distillation over sodium (to remove traces of ketone
impurities) with a total yield up to 55%. The cycligation
of Ib may be carried out under the same conditions but the
resulting mixture is more complicated and the content of
the desirable product VIb doesn't exceed 50%. VIb was also
isolated by distillation with a yield about 30% /5/.

The structure VI (a and b) for these ciclisation
products was confirmed by the evidence illustrated below.

By analogy the stereochemistry of the ring junction

was taken to be the sume as with II (a and b) /3/.
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> +_ .. CH30CH, CH30CH;, ~.
CHIOCH BF Y 1M Ha )
0 g~ PCH;CCOH 0 L
Vil

I q)trans VI gjtrans.§) cis T
g)cis mp 120-12502mm; #7122/ o trand]
>C-0eqerim 0.95 095 g eis |<0leq.6=0
Vem® (-g=c.~o-) 1696 1693 o™ SCaCH- —
CHy0CH, 322 3.1 [
— are alsent

Sum{ 9-CH, 164 154
5-CHy 112 1.05
The formation of almost pure VIa irom Ia and of

predominaitly VIb from Ib (admixture of VIa in the VIb iz
not more thun 25% /8/) points to the same degree of stereo-
specificity of the cyclisaticn process in thie case as in
the aforesaid case.

To our knowledge the described reactiions are the
first examples oi the initiation of stereospecific isoure-
noid cyclisation by aprotic heterolytic agents with simul-
taneous incorporation of the substituent at C-2. The
preliminary observations cemcastrate thai this reaction
has rathe: interesting peculiarities concerning the stereo-
chewlistry of the addition at the 2,3-double bond. The use
of the different cationic initiators may rpermit the cycli-
sation of complex acyclic terpenoids in a selective way,
Morecver this reaction may provide a convenient route to
the cyclic terpenoids bearing uifferent substituents at
-2, which are difficult to obtain by conventional methods,
wurtner studies are in arogress in order to delineste the

seope znd mechsnlsn of Lhis recction,
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All the compounds reported gave satisfactory elementary
analysis.

Qther components of the reaction mixture haven't been
identified thus far.

IR-Spectra were taken in CCl, on UR-10 spectrophoto-
metr in the Optical Laboratory of the Institute of
Organic Chemistry.

N.m.r.-spectra were taken in CCl, with tetramethyl-
silane as internal standard on a JEOL-60 spectrometer
in the Laboratory of Physico-chemical Methods of the
Institute of the Chemistry of Natural Products.

The formation of trans-bicycloproducts (IIa and Via),
as by products in the cyclisation of Ib may be accoun-
ted for by the isomerisation process (I1Ib —e» IIa or
Vib —e VIa respectively)under the reaction conditions
(c.f.such an isomerisation under the action of BF3 /3/)
The axial isomer (with an admixture of 20% of IV) may

be obtained by wmeerwein-Ponndori reduction of V,



