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We have a l r eady  descr ibed  a new method of aprotonic  initiation of cyelization,  using the 1,5-dienes 
of the i soprene  s e r i e s  with i so la ted  double bonds as  an example  [1]. To demons t ra t e  the un iversa l  ap -  
pl icabi l i ty  of this method,  the poss ib i l i ty  of i ts  applicat ion in the case  of i soprenoids  containing double 
bonds conjugated with the carbonyl  group was studied in the work p resen ted  he re ,  us ing the e s t e r s  of 
geran ic  acid as an example .  

C y c l i z a t i o n  u n d e r  t h e  I n f l u e n c e  o f  [ C H 3 O C H 2 ]  + [ B F 4 ] -  

The cycl izat ion of the methyl  e s t e r  of t r a n s - g e r a n i c  acid ffa) under  the influence of [CH3OCH2]+[BF4] - 
under  the conditions descr ibed  e a r l i e r  [1], yielded a mix tu re  of monocycl ic  products  (IIa) and (III) (in a ra t io  
of 4 : 3) in a max i m um  yield of 60%, which could be sepa ra ted  by chromatography  on A1203. Under analogous 
conditions, the c i s - i s o m e r  fib) gives different  products ,  namely  an e s t e r  (l/b) and a l a rge  quantity (up to 
40%) of the y- lac tone (IV). 
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The s t ruc tu re  of the e s t e r s  (IIa and b) and ffII) as monoeycl ic  products  with a double bond in the a o r  
fl posi t ion,  r e spec t ive ly ,  and with CH3OCH 2- subst i tuent  in the r ing,  follows f rom the data of the NMR spec -  
t r a  [2] (table 1), and the location of the subst i tuent  CH3OCH 2- at the C G is de te rmined  in analogy with the 
prev ious ly  studied example [1]. 

The configuration of the s t e r o i s o m e r i c  e s t e r s  (IIa) and (IIb) was a s sumed  on the bas i s  of the s e l ec -  
t ivi ty of the i r  fo rmat ion  f rom (Ia) and (Ib), r e spec t ive ly ,  and on the exis t ing data on the s t e r e o c h e m i s t r y  of 
the proton cycl izat ion of the cis and t rans  i s o m e r s  of apogeran ic  acid [3]. The product  (IV) has not been 

TABLE 1. Chemical  Shifts of the Pro tons  of 
the Charac te r i s t i c  Groups (ppm) 

Compound l-(CII~)z 2-CH~OOC 3-CH~ ~-CI-I3OCH2 4-H 

~IIa) 

015) 

(III) 

0,95 
t,07 
1,95 
1,03 
0,95 
1,04 

3,62 i,57 

3,58 i,60 

3,58 i,38 

3,20 

3,20 

3,20 

5,43 0H) 

5,47 (i-H) 

2,37 (2-H, 
Multiplet 

i sola ted in pure  fo rm,  and its s t ruc tu re  has  been 
der ived  f rom the data  of the I R - s p e c t r a  (v = 1778 em -~) 
and by analogy with the s t ruc tu re  of the lactone,  fo rmed  
in some  cases  during proton cycl izat ion of the e s t e r  of 
geranic  acid [4]. 

C y c l i z a t i o n  u n d e r  t h e  I n f l u e n c e  o f  

[ R C O ]  + [BF4]-  

Reactions of the Methyl E s t e r s  of Geranic  Acid 
with [CH3CO]*BF4]-. An a t tempt  to effect  cycl izat ion of 
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submitted July 26, 1967. 
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Fig. I. NMR spectrum of the compound 
(Va): i) CH a-C =CH2 (1.65); 2) CH 3-C= 

C-COOR (2.03); 37 CHACO ~.10)i 
47 RCO-C-H (3.01);5) CHaOCOR (3.57); 
6) R- C= CH 2 (4.86, two protons); 7) C = 
C(COOR)H (5.50). 5 ppm is given in 
parentheses. 

the trans-geranic ester (la) under the influence of the other 
above-described cationic initiators (CHACO +) [i] led to the 
formation of the aeyclie product (Va) with a yield of 80%, 
whose structure was shown on the basis of the data of the 
NMR spectrum (Fig. I), the IR- and UV-spectra. 

(1) a trans (V) a trans ~vI) ~ trans 
b cis b cis b cis 

In. c o n t r a s t  to  t h e  m o n o c y c l i c  p r o d u c t s _  (1I) a n d  (III) ,  t h e  

acyelic ester Wa) is readily hydrolyzed in alkaline medium. 
At the same time, a partial isomerization of the terminal 
double bond into a conjugated position is observed (appear- 
ance of an absorption band at 1682 em -i which is typical for 

flunsaturated ketches [5]). This isomerization is also ob- 
served on attempting to isolate the ester (Va) by distillation 
or chromatography on A12Oa; in the pure form (Va) could be 
obtained only by chromatography on silica gel. The reaction 
of the cis-geranie ester (l'b) with CHACO + takes place ex- 

actly the same way as in the case of the trans isomer. The acyclic ester (Vb) formed is identical in its 
properties to the trans isomer Wa). 

Cyclization under the Influence of [CHaCH2CO]+[]~F4] - [(CHa)2CHCO]+[BF41 - and [(CHa)aCCO]+[BF4] - 
We have also studied the possibility of effeeting the cyclization of ffa) through ~ action o-f comp-~x-~ 
rained from the chlorides of propionic, isobntyric and pivalic acid and silver fluoborate 

/ • ' ] 1 :  
p,C 0~. " 5 <  RCO. .  

. . . .  " - , ~ 1  " " ~ C O O C H ~  OOCB a ~co ~ BF~_.~ ~ /~COOCH~ 

(Ia) (VII a,,b,c,d) (VHl&b,c,d~ 

g R=CH~CH~-- b R=ICH.~)~CH ~ C ~:(CH~)~C- d ~' :CH~CO 

It was found that the substitution of the acetyl chloride by propionyl chloride markedly alters the nature 
of the reaction of the complex RCO+BF4- with geranie ester (la); in addition to the acyelic product.~ 20-22% 
of the monyelic product (VIIa) is formed. In the case of the isobutyryl chloride the yield of the analogous 
product (VIIb) increases to 32 %. Upon transition to pivaloyl chloride the monoeyclie ester (Vile) becomes 
the main reaction product (56%).* The ester of ~-cyclogeranic acid is formed as a side product which is 
obviously the result of proton cyclization of (Ia) under the influence of the HBF 4 evolved during this reaction. 
The determination of the concentration of cyclic and acyclic products in the mixture was carried out on the 
basis of analysis by the GLC method as well as of the data as to the degree of hydrolysis of the mixture 
under standard conditions, which ensure complete hydrolysis of the acyclic esters. The cyclic esters 
(VII a, b, e), which are derivatives of eyelogeranic acids, are not hydrolyzed under these conditions [7], but 
are merely isomerized to the fl isomers (VIII a, b, e). In some cases the cyclic esters (VII) and (VI~) were 
subjected to additional treatment with alkali for purposes of verification, but hydrolysis was not observed. 

The structure of the esters (VII a, b, c) and of the e~monoeyelic products with RCO- substituents in 
the ring was elucidated on the basis of the NMR- ~ (Table 2) and IR-spectra. 

The enhancement of the formation of cyclic ester upon transition from acetyl chloride to pivaloyl 
chloride can be explained on the basis of the data on the structure of the corresponding complexes. It is 

*Of interest is the fact that during the acylation of aromatic compounds with the complex (CHa)aCCO+BF4 -, 
ketones ArCOC(CH)3 are normallynot formed, but that alkylation products of the type ArC(CHa) a are mainly 
formed [6]. 

~The data of the NMR-spectra (absence of a signal of the 4-H vinyl proton in presence of the signals of 
the other groups) were also used as indications of the structure of the products (VIII a-d) as derivatives of 

cyclogeranic acid. 
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TABLE 2. Chemical Shifts of the Protons of the 
Charac te r i s t ic  Groups (ppm) 

Compounc 1-(one), 2-CH,OOO I 3-OlG 4.H Other H 

i 
(VlIa) 3,52 1t,50 5,38 

(VIIS) 

(VIIB) 

(VIIr) 

0,88 

0,90 

0,90 

0,92 

0,87 
1,04 

0,88 
1,00 

3,52 t ,51 
J 

i 

3,50 [i,5i 

3,54 11,5t 
i 

5,40 

5,30 

5,31 

0,90 (Doublet) 
CHsCI-I2C=O 

2,38-~Qu~dr uplet ) 
CHsCH2CO 

0,96; i,O2 (Two doublets) 
(CH.__a)~CH--CO 

2,01 
(CH3)2Clt.CO 

t,o4 (C__H3)~C--CO 

�9 2,06 C__HaC---~O 

known that when catalysts  of the Fr iede l -Cra f t s  react ion of the type MX~i (where M is a metal and X a 
halogen) r eac t  with a romat ic  and aliphatic acid chlorides,  salts of the acyl cations RCO+MX-n+ 1' as well 

5+ 5-  
as donor-acceptor  complexes (R--C0-+ MX~). a re  formed.  

I 
X 

In some cases  it has been shown that in crystal l ine form the complexes RCOMX n + t have the acyl 
cation s t ructure  RCO+[MXn+ ~]-. This applies also to the complex RCO+BF4 - [8] used in the present  inves-  
tigation. The problem of the s t ructure  of these complexes in solution is much more  complex and in many 
cases  the spectral  data indicate c lear ly  the presence  of a sal t - l ike as well as a donor-acceptor  complex, 
their  relat ive quantities varying with var ia t ion of the radical  R of the anion [MX n + 1]- and also with the 
experimental  conditions (nature and puri ty of the solvent, etc.) [8-11]. In par t icular ,  it was shown by means 
of the NMR spect ra  that the complex CH3COBF 4 in SO 2 solution exists solely in the form of a donor-acceptor  
complex CH3CO -~BF 3 [8]. Under the same conditions, in SO2 solution, the presence  of a considerable 

r 
F 

quantity of sal t - l ike complex has been shown for the complex CH3CH2COBF r It was also found that t r an s i -  
tion to the anion SBF~ great ly  increases  the concentration of the acyl ketone salt  compared with that of the 
donor-acceptor  complex [8]. 

In the discussion of the F r i ede l -Cra f t s  react ion [12-14] it was assumed that the complexes RCOMXn+ l 
can reac t  either through electrophil ic attack of the acyl cation RCO + (path 1) or  in accordance  with a subst i -  
tution react ion s imi lar  to SN2 (path 2) 

A~H + [RCO]+[MXn+II-(A) -+ ArCOR + H[MX~+,I- 

A r H  + R C--~X (B) ~ ArCOR + HIMXn+tJ (2} 

O MXn 

(1) 

Obviously, for  the case under considerat ion here,  the electrophil ic cyclization react ion of the 1,5-diene (I) 
under the influence of RCOBF 4 complexes,  analogous mechanisms can also be proposed for  the two possible 
l imit  cases ,  namely the react ion with part icipat ion of RCO+BF4 - and the react ion with participation of 
RCO -~BF 3 

r 
F 
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* 5~'K.~ "~ ~ ]FCOOCHa ~ COOCH~ 

/~OOCHa T~P 

F u r t h e r m o r e ,  i t  s e e m s  logical  to a s s ume  that  only the in te rmedia te  product  of the type A is capable 
of a t tacking the weakly nueleophil ic 6, 7 double bond in (D with fo rmat ion  of a w e l i c  product ,  while fo r  the 
in te rmedia te  product  of the ~r B with weak posi t ive charge  at  C= this reac t ion  should not take place and 
the s tabi l iza t ion will be achieved exclus ively  by spli t t ing off of a proton f rom C~.* Then it can be a s s u m e d  
that the n e a r e r  the s t r u c t u r e  of the r eagen t  is to that  of the sa l t - l ike  complex RCO+BF4 -,  the h igher  should 
be the degree  of fo rmat ion  of the cyclic  product  (path 1); the d o n o r - a c c e p t e r  s t ruc tu re  of the reagent  
RCO - - B F  3 should favor  the reac t ion  by the pathway (2) with fo rmat ion  of an acycl ic  e s t e r .  

r 
F 

We have pointed out e a r l i e r  that the spec t ra l  data indicate a predominant  content of dono r - accep t e r  
complex in the CHaCOBF 4 solutions.  The t rans i t ion  to CHaCH2COBF 4 a l ready  shows some i nc r ea se  in the 
propor t ion  of the sa l t - l ike  complex and, evidently,  the fu r the r  t rans i t ion  to (CH3)2CHCOBF 4 and (CHa) 3 ~ 
CCOBF4, by v i r tue  of the s tabi l iz ing (+J) effect  of the CH3-group, i n c r e a s e s  the concentrat ion of the s a l t -  
like complex RCO+BF4 - to an even g r e a t e r  degree .  We bel ieve that the obse rved  i nc r ea se  in the yie ld  of 
the cyclic  product  in the reac t ion  between (I) and RCOBF 4 f rom 0% for  R = CH 3 to 56% for  R = (CHa)aC can 
be accounted for  p r e c i s e l y  by this change in the nature  of the complex upon t rans i t ion  f rom CHaCOBF4 to 
(CH3)3CCOBF4: Since it follows f r o m  the spec t ra l  data that  r ep l acemen t  of the anion B F (  by S b F (  grea t ly  
i n c r e a s e s  the concentrat ion of the sa l t - l ike  complex in the solutions,  one could have expected  the the p r o -  
por t ion of the cycl ic  product  upon t rans i t ion  f r o m  RCOBF 4 to RCOSbF 6 would inc rease  for  all R. Indeed, 
we have shown that  the cycl ic  product  (VII) is the main  product  in the cycHzation of (Ia) under  the influence 
of the complexes  RCOSbF 6 for  all R, and only in the case  of CHaCOSbF ~ the fo rmat ion  of a ce r t a in  quantity 
of the acyl ic  e s t e r  (Va) { (VIIId) : (Va) = 4 : 1] in addition to the cycl ic  product  (VIHd) can be observed;  in tile 
case  of CHaCOBF 4 the yie ld  of (Va) is ~ 80~ (see above). 

The c o r r e c t n e s s  of the foregoing reason ing  could be conf i rmed  exper imenta l ly  if it we re  poss ib le  to 
study the NMR s pec t r a  of the complexes  used in n i t romethane  solution at -30~ (cyclization condition), but 
under these  conditions the complex solutions a r e  e x t r e m e l y  unstable  and cannot be kept  for  any g rea t  length 
of t i m e .  

It should be pointed out that such a m a r k e d  change in the reac t iv i ty  of the a b o v e - d e s c r i b e d  complexes  
with change in the nature  of R has not been obse rved  before ,  although hypotheses  to the fact  that F r i e d e l -  
Craf ts  reagen ts  can r e a c t  in the fo rm RCOX --~MX n as  well as in the fo rm RCO+iVfXn + have been advanced 
repea tedly ,  pa r t i cu l a r ly  in o rde r  to explain the s o m e t i m e s  incomprehens ib le  va r i a t ions  of the r a t e s  of 
reac t ions  such as acylat ion in the a r o m a t i c  s e r i e s  upon seemingly  sl ight  change in the reagen t  o r  the r e a c -  
tion conditions [12-14]. 

E X P E R I M E  NTAL 

The NMR spectra were recorded at 60 MC on the apparatus PC-60 in CCI 4 solution (the chemical 

shifts  5 a r e  given in ppm re la t ive  to hexamethyldis i loxane) ;  the IR spec t r a  were  r eco rded  on the appara tus  
UR-10. The pur i ty  control  of the s ta r t ing  subs tances  and also the analys is  of the react ion products  was 
c a r r i e d  out by the GLC method under  the following conditions: A) 10% neopentylglycol  suceinate  on Celite 
545,191 ~ c a r r i e r  gas He, 35 ml /min ,  detector :  c a t h a r o m e t e r .  B) 10% ApiezonM on Chromosorb  W, 212 ~ 
c a r r i e r  gas He, 40 ml/~nin, detector:  c a t h a r o m e t e r .  The conditions (A) were  used  for  the analys is  of the 

*We have a lso  obse rved  the fo rmat ion  of an acycl ic  product  during the proton cycl izat ion of geran ie  e s t e r  
and analogous compounds [15]. 
~The instabi l i ty  of the solut ions of complexes  in CHaNO 2 has been pointed out p rev ious ly  [10]. 
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original  geranic  e s t e r s  and their  cycl izat ion products  (I-V, VIId and VIIId); the conditions (B) for  the cy-  
cl izat ion products  (VIIa-c) and (VIrIa-c). 

The individual e s t e r s  of geran ic  acid were  obtained by the known method [16]. 

Cyclizat ion of (Ia) under  the Influence of [CH2OCH2]+[BF4] -. To a solution of 1.44 g of CH3OCH2C1 in 
15 ml CH3NO2, cooled to -30~ we added 1.38 g (Ia) and 3.0 g AgBF 4 in 23.5 ml CH3NO 2 with s t i r r ing  of the 
solution. F ive  minutes  l a t e r ,  the reac t ion  m a s s  was decomposed with a mixture  of 10 % solution of NaHCO3 
and methanol (1 : 1) cooled to -30 ~ After  the usual t r e a t m e n t  we obtained 1.7 g of a mixture ,  containing 
40% (IIa) and 30% (HI) which was t r ea t ed  with a wave r -me thano l  solution of KOH (4.5%, 60 ~ 2 hr) to r emo v e  
the aeycl ic  impur i t i e s .  The non-saponif ica t ion f rac t ion  (1.0 g) was ehromatographed  on a column (A120~, 
act ivat ion s tate  IX, hexane-benzene,  1: 1). We obtained 0.38 g of the c~ester  (IIa), b. p. 112-115~ (0.5 mm);  
n~  1.4730 (elution t ime 8.3 rain) and 0.21 g of the f i -es ter  (HI), b. p. 117-120 ~ (0.5 ram); n~ (elution t ime 
12.5 rain). Found (for IIa): C 68.97; 68.98; H 10.05; 10.02%; for  (III): C 68.87; 68.76; H 9.81; 9.80%.C13H2203. 
Calculated: C 68.99; H 9.80%. The NMR spec t rum is given in Table  1. 

Cyclizat ion of (Ib) under  the Influence of [CH3OCH2]+[BF4] -.  The cycl izat ion was ca r r i ed  out under the 
s ame  conditions as in the case  of ffa). F r o m  1.38 g fib) 1.65 g of a res idue  was obtained af ter  the usual 
t reatment~ containing 24% (IIb) and 40% (IV) (elution t ime  7.3 and 16.2 rain, respec t ive ly) ;  IR spec t rum (v, 
cm-I) :  1730 [(CO)COOR] and 1778 (C=O of the ~/-lactone). The e s t e r  (IIb) was i so la ted  f rom the non-sapon i -  
fying f rac t ion  of this mix tu re  by red is t i l la t ion  with subsequent ch romatography  on AI~O 3. Isola ted 0.21 g 

20 1.4704. Found: C 68.73; 68.79; H 10.23; 10.14. C13H220 3. Calculated: (rib), b. p. 108-110 ~ (0.4 ram); n D 
C 68.99; H 9.80%. The NMR spec t rum is given in Table 1. The ~/-lactone was not separa ted .  

React ion of (Ia) with [CH3CO]+[BF4] - .  To a solution of 3.0 g CH3COC1 in 12.5 ml CH3NO 2 cooled to 
-30~ we added within 45 see,  with s t i r r ing ,  a solution of 1.15 g (Ia) and 3.75 g AgBF~ in 18.2 ml  CH3NO2. 
The mix ture  was s t i r r ed  for  five minutes  and decomposed  by the usual method.  1.35 g of product  was ob-  
tained which Contained up to 80% of the e s t e r  (Va) (elution t ime  8.3 rain). By th in - l ayer  chromatography  
(TLC) on the l a m e l l a r  s i l ica  gel KSK in the s y s t e m  hexane-benzene  (1: 1) 0.75 g (53%) Wa) was obtained; 
n~  1.4780. Found: C 69.73; 69.40; H 8.80; 8.86. Ci3H200 3. Calculated: C 69.61; H 8.99%. The NMR s p e c -  
t r um is shown in Fig. 1; the UV spec t rum (~nax, rap) 219.5, e 15350; IR spec t rum (v, cm-1): 1720 and 1650 
[c4 fl unsa tura ted  (CO)COOR and C = C -  HI. 

When (Va) is  heated for  th ree  hours  with a 2-5% methanol  solution of KOH it  is comple te ly  hydrolyzed,  
but the resu l t ing  acid (according to the GLC data of the methyl  es te r )  contains up to 37% of an i s o m e r  with 
conjugated 2,3-double bond (elution t ime  of the cor responding  e s t e r  (Via) 11.8 rain). In the IR spec t rum of 
the mix ture  of (Va) and (Via) an absorpt ion  band appears  at 1682 cm -t .  The i somer i za t i on  (Va) ~ (Via) 
also t akes  place  during alkal ine t r e a t m e n t  at room t e m p e r a t u r e ,  ch romatography  on A1203 or  redis t i l la t ion.  

The reac t ion  of (Ib) with [CH3CO]+[BF4] - under the above -desc r ibed  conditions led to the fo rmat ion  
of a mix tu re  containing up to 70% (Vb) (elution t ime  8.1 rain), which read i ly  i s o m e r i z e d  to (VIb) (elution 
t ime  11.4 rain). Neither  product  was i so la ted  in a pure  fo rm.  

Cyclizat ion of (Ia) under  the Influence of [CH3CH2CO]+[BF4] - .  The cycl izat ion was c a r r i e d  out under 
the conditions of the exper iment  with CH3CO+BF4-. F r o m  2.84 g CH3CH2COC1 , 0.92 g (Ia) and 3.0 g AgBF 4, 
a mix tu re  was obtained, consis t ing (according to the GLC data) of 20-22% (VIIa) (elution t ime  22 rain), 12- 
13% (Ia), ,~ 20% c~-cyclogeranic e s t e r  and 45% of high-boil ing acycl ic  e s t e r s .  (VIIa) was isola ted by TLC 
(A1203, benzene) .  Yield (VIIa) 0.11 g (~ 10%). The NMR spec t rum is given in Table 2. When the mix ture  
is t r ea t ed  with alkali ,  the acycl ic  f rac t ion  is hydrolyzed and (VIIa) is complete ly  t r a n s f o r m e d  into (VIIIa) 
(elution t ime  14.5 rain): n~  1.4775. IR spec t rum (y, cm-l) :  1720 (C=O), 1740 [(CO)COOR]. 

Cyclizat ion of (Ia) under the Influence of [(CH3)2CHCO]+BF4] -.  Cyclizat ion under  the s a m e  conditions 
with 4.92 g (CH3)2HCOC1 of 1.38 g (Ia) and 4.50 g AgBF4 gave a mix tu re  consis t ing (according to the GLC 
data) of 32% (VIIb) (elution t ime  23.0 rain), 8% (Ia), 36-37% e~-eyclogeranic e s t e r  and 23%aeycl ic  e s t e r s .  
(VIIb) was i so la ted  by p r e p a r a t i v e  ch romatography  on pla tes  (Ai203; benzene-hexane ,  2 : 1). Yield (VIIb) 0.32 
g (16.8%), bath t e m p e r a t u r e  170 ~ (0.05 ram); n~  1.4830. Found: C 71.08; 71.19; H 9.34; 9.40%. C15H2403. 
Calculated: C 71.39; H 9.59~c~ IR spec t rum (v, cm-l) :  1715 (C = O), 1740 [(CO)COOR], 1650 (C= CH). The 
NMR spec t rum is given in Table 2. 

Upon t r e a t m e n t  with a 5%methanol  solution of KOH the acycl ic  f rac t ion  is saponified,  while (VIIb) is 
complete ly  t r a n s f o r m e d  into (VIIIb) (elution t ime  15.3 rain). IR spec t rum (v, cm-l) :  1715 (C=O), 1740 
[(CO)COORI. 
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Cyclization of (la) under the Influence of [CH3)3CCO]+[BF4] -. Reaction of 4.60 g (CH3)3CCOCI , 1.15 g 
(Ia) and 3.75 g AgBF4, under the same conditions, gave a mixture containing (according to the GLC data) 56% 

(VIIc) (elution time 27.3 rain), 2-3% (la) and 40-42% c~-eyclogeranic ester. The mixtures were redistilled, 
the fraction with b. p. 107-110 ~ (0.03 ram) was collected, which contained (VIIc), up to 5w (la) and a~eycloger- 
anic ester. (VIIc) was finally purified by chromatography on plates (A1203, benzene-hexane 2 : 17. Yield 
0.51 g (31%) (VIIe); n~ 1.4800. Found: C 72.14; 71.96; H 9.44; 9.40%. Ct6H264)3. Calculated: C 72.14; H 9.84%. 
IR spectrum (v, cm-i: 1650 (C=CH), 1738 [(CO)COOR) and 1706 (C= �9 The NMR spectrum is given in 

Table 2. 

Alkali treatment of (VIIc) (same hydrolysis conditions as previously) gave a mixture consisting" of 79% 
(VIIc) and 21% (VIIIe) (elution time 17.1 rain). 

We have modified the well-known method of the synthesis of AgSbF G [8] as follows: a solution of 12.3 
g anhydrous AgF in 150 ml anhydrous HF was placed into a copper flask with four necks, equipped with a 
stirrer, a cooler tall made of copper) and a thermometer in a copper sheath. 20.7 g SbF 5 was added drop- 
wise at -60 ~ at such a rate that the temperature did not rise above -50% Then followed five minutes of 
stirring at -55 to -60 ~ The temperature was then raised to ambient, the HF removed with a dry nitrogen 
streatm, 150 ml absolute CH3NO 2 added and filtered. The resulting AgSbF~ solution contained 30 g AgSbF 6 
in 150 ml CH3NO 2. 

Cyclization of (Ia) under the Influence of [CH3CO]+[SbF~] -. 3.0 g CHaCOCI , 1.15 g (la) and 6.65 g 
AgSbF6 under the same conditions as above gave a mixture of products consisting (according to the GLC 
data) of ~-cyclogeranic ester, (VIId) and (Va) (ratio of the latter 4 : 1). TLC on silica gal KSK (benzene- 
ethylacetate 5: i) gave 0.44 g (30.9%) (VIId) (elution time 7.7 rain), bath temperature II0 ~ (1 ram); n~ 1.4780. 
IR spectrum (v, cm-i): 1654 (C= CH), 1720-1735 [C=O and (CO)COOR]. Found: C 69.48; 69.34; H 8.97; 
8.82%. Ci3H2003. Calculated: C 69.61; H 8.99%. 

Upon alkali treatment (VIId) is completely transformed into (VIIId) (elution time 6.1 rain). IR spec- 
trum (~., cm-i): 1700 (C=O), 1740 [(CO). COOR]. 

Cyclization of (Ia) m~der the Influence of [CH3CO]+[SbF6] -, [(CH3)2CHCO] +" [SbF6]- and [(CH3)3CCO] +. 
[SbF~]-. Under the conditions of the preceding experiment, monocyclic esters were mainly o~d~c- 
cording to the data on their stability to alkali treatment) which were identified by GLC as (VIla), (V]Ib), 
(VIIc), respectively. 

CONCLUSIONS 

Reaction of geranic ester with cationic initiators of the type RCOMXn+ i, depending on the nature of 
the R radical and the anion MX n +~, leads to the formation of cyclic or acyclic products containing the 
radical RCO, or of their mixtures. The factors which determine the trend of the reaction are examined. 
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