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In developing a method for  cycl izing i soprenoids  under  the influence of m e r c u r y  sa l t s  [2], we inves t i -  
gated the cycl izat ion of c i s - 6 , 7 - f a r n e s e n a t e  (Ia) and t r a n s - 6 , 7 - f a r n e s e n a t e  (Ib) e s t e r s .  It is known that both 
i s o m e r s  a r e  conver ted  under  the influence of acids into mono-  (III) and then into t r a n s - A / B - b i c y c l o f a r n e s e n a t e  
(VIII) e s t e r s ,  i . e . ,  the reac t ion  is  not s t e reospec i f i c  with r e spec t  to the cen t ra l  6,7 double bond [3]. 

It has been found that  t r e a t m e n t  of t r a n s - 6 , 7 - t r a n s - 1 0 , 1 1 - f a r n e s e n a t e  e s t e r  (Ib) with Hg(CF3COO) 2 at 0~ 
in CH3NO 2 leads (after t r ea tmen t  with NaBH4) to the fo rmat ion  of t r an s -b i cyc lo f a rne sena t e  e s t e r  (VIII) in a 
yield of 60%; the cor responding  acid has a mp of 131~ Under analogous conditions,  however ,  the c i s - 6 , 7 -  
t r ans -10 ,11  e s t e r  (Ia) g ives  {according to GLC analys is  of the crude product) 20-25% of the c~- and f i -mono-  
cyc lofa rnesena te  e s t e r s  (III), up to 25% of the t r a n s - A / B - b i c y c l o f a r n e s e n a t e  e s t e r  (VIII), and up to 50% of a 
product  which co r r e sponds  to none of the prev ious ly  known fa rnesena te  e s t e r s  and has a s h o r t e r  re tent ion 
t ime  that  the t r a n s - t y p e  bicycl ic  e s t e r s .  A c i s - A / B  r ing s t ruc tu re  was postulated for  this  product  (reaction 
scheme  1). 

It is imposs ib le  to obtain c i s - A / B - b i c y c l o f a r n e s e n i c  acid (or es te r )  in pure  fo rm by p r e p a r a t i v e  methods 
of separa t ing  the reac t ion  produc ts ,  including GLC. Consequently,  the products  were  enr iched in one o r  o ther  
i s o m e r  by chemica l  methods based on the d i f ference  in the saponif icat ion r a t e s  of monocycl ic  and bicycl ic  
e s t e r s  o r  based on reducing the num ber  of i s o m e r s  by i somer i z ing  s - s t r u c t u r e s  into fi-bicyclo e s t e r s  [3]. 
Compar i son  of the chemica l  behav ior ,  GLC p a r a m e t e r s ,  and PMR and other  s p e c t r a  of individual c i s -  and 
t r a n s - A / B  i s o m e r s  makes  it  poss ib le  to fo rm re l iab le  conclusions about the c i s - A / B  s t ruc tu re  of the products .  

T r e a t m e n t  of the mix tu re  of cycl izat ion products  der ived f rom (Ia) with 10% methanol ic  KOH at 40~ r e -  
sulted in saponif icat ion of the monocycl ic  e s t e r s  (III); the neut ra l  f rac t ion  contained (GLC) the e s t e r  (VIII) and 
an unknown product  which was a lso  difficult to saponify.  The t r a n s - A / B - b i c y c l o f a r n e s e n a t e  e s t e r s  can be s a -  
ponified by heating at 150~ with 10% methanol ic  KOH in a c losed ve s se l .  In this c a se ,  the t r a n s - c i s  e s t e r  
(VIII) cor responding  to the acid with a m p  of 131~ is conver ted  into the m o r e  s table  t r a n s - a n t i  acid (IX) (rap 
138~ in which the COOH group is in the axia l  posi t ion [3]. We were  able to se lec t  conditions close to those 
under  which the unknown e s t e r  is l a rge ly  saponified and e s t e r  (VIII) is only par t ia l ly  saponified (with e p i m e r i -  
zation).  In this way we isola ted f rom the acidic f rac t ion  an acid which, a f t e r  repeated  r ec rys t a l l i z a t i on ,  had 
an mp of 107~ this was c h a r a c t e r i z e d ,  both in acid fo rm and as i ts  methyl  e s t e r ,  by a single peak,  different  
f r o m  al l  of the known peaks ,  in c h r o m a t o g r a m s  obtained under  effect ive separa t ion  conditions (capi l lary col -  
umn).  However ,  the PMR s p e c t r u m  of this acid contained twice the number  of  CH3-grou p s igna l s ,  and the 
s p e c t r u m  of i ts  methyl  e s t e r  indicated unequivocally the p r e s e n c e  of a mix tu re  (in a ra t io  of ~1:1) of two bi-  
cyc lo fa rnesena te  e s t e r s .  By compar ing  the PMR s p e c t r u m  of this mix tu re ,  espec ia l ly  the s ignals  f rom the 
CH3 groups  at C 1~ and C 8 and f r o m  the H a toms  at C s (Table 1), with those of the known t r a n s - A / B - b i c y c l o -  
f a rnesena te  e s t e r s  (VIII), (IX), and (XI), we were  able to show that these  products  a re  new ~ -  and f l -bicyclo-  
f a rnesena te  e s t e r s  with a c i s - A / B  r ing s y s t e m ,  v i z . ,  (V) and (VI), r e spec t ive ly .  

* See [1] for  previous  communicat ion .  
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Reaction Scheme 1 
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X+Y - =  Hg(CFaCO0)2; Z=COOR, R = C2Ha, CHa or H (see text). 

T A B L E  1. C h a r a c t e r i s t i c  S igna l s  in  the  PMR S p e c t r a  of Me thy l  B i -  
c y c l o f a r n e s e n a t e  E s t e r s  (in CC14, 5 ,  p p m ,  r e l a t i v e  to  TMS) 

Compound I a-CHs* e-CH~* 
R f C H a  I a t  O a t  c 4 

Ctta CHa 2H a t  C ~ 
at C ~o at C 8 ot C r H 

at  C 9 COOCH3 =CH 

(VIII) 0,87 0,92 0,92 1,56 1,95 * 2,82 3,59 5,43 
(IX) 0,90 0,93 0,93 t,57 t,95 I" 2,37 3,60 5,50 
(x~) o,s5 0,8s i,05 t,53 2,08 - 3,60 
(V) 0,88 0,92 0,92 t,58 t,97 "~ 3,26 3,60 5,40 
(X) 0,92 0,92 0,92 1,57 t,97 t 2,50 3,6i 5,50 

(VI) 0,92 0,92 t,t5 t,54 t,98 - 3,65 - 

�9 The axial or equatorial position of the CH s groups was assigned on the basis of the general 
principle that a-CH s groups are more strongly shielded by the rigid ring system [4]. 
r Center of multiplet. 

In v i ew of  the  d i f f i cu l t y  i n v o l v e d  in  s e p a r a t i n g  the  m i x t u r e  of (V) and (VI), i t  s e e m e d  e x p e d i e n t  to con -  
v e r t  i t  e n t i r e l y  in to  the  f l - i s o m e r  (VI) by t r e a t m e n t  wi th  a 4:1 m i x t u r e  of  HCOOH and H2SO 4 [3] in o r d e r  to  
c h a r a c t e r i z e  (VI) in  m o r e  d e t a i l .  Th i s  t r e a t m e n t  d id  i n d e e d  i n c r e a s e  the  p r o p o r t i o n  of  the  f l - ac id  in  the  m i x -  
t u r e  to  a f l :a r a t i o  of 4:1 ( a cco rd ing  to  the  PlVIR s p e c t r a  of  t he  m e t h y l  e s t e r s ) ,  but  the  a - a c i d  p r o v e d  to  be a 
new a - b i c y c l o f a r n e s e n i c  a c i d ;  we a l s o  i s o l a t e d  a n e u t r a l  f r a c t i o n  (up to 50% of  the  a c i d i c  f r ac t i on )  c o n s i s t i n g  
of  the  m e t h y l  e s t e r  of  t h i s  a c i d ,  i . e . ,  the  (V) -* (VI) i s o m e r i z a t i o n  i s  e v i d e n t l y  a c c o m p a n i e d  by (V) - -  (:8:) e p i -  
m e r i z a t i o n .  A c c o r d i n g  to  GLC a n a l y s i s  (in a c a p i l l a r y  co lumn  wi th  an e f f i c i ency  of ~15 ,000  t h e o r e t i c a l  p l a t e s ) ,  
(X) d i f f e r s  f r o m  a l l  known b i c y c l o f a r n e s e n a t e  e s t e r s ,  i nc lud ing  (V) and (VI), and has  the  s h o r t e s t  r e t e n t i o n  
t i m e .  The  s t r u c t u r e  of (X) i s  in  a c c o r d  with  i t s  PM_R d a t a  (see  T a b l e  1). On the  b a s i s  of a c o m p a r i s o n  of the  
c h e m i c a l  sh i f t s  of the  H a t o m s  a t  C 9 in  (VIII) and  (IX) and in (V) and (X), we can  a s s u m e  tha t  the  a - c i s - b i c y c l o -  
f a r n e s e n a t e  e s t e r  ob t a ined  by c y c l i z a t i o n  has  s t r u c t u r e  (V), whi le  the  i s o m e r  f o r m e d  by a c i d  t r e a t m e n t  has  
s t r u c t u r e  (X). T h e s e  d a t a  do not  p r o v i d e  r i g o r o u s  p r o o f  of the  c o n f i g u r a t i o n  at  C 9 in  (V) and (X), and do not  
r e v e a l  the  r e a s o n  why the  f l - e s t e r  (VI) i s  f o r m e d  t o g e t h e r  wi th  the  a - e s t e r  in  the  (Ia) - -  (V) r o u t e  (this i s  not  
o b s e r v e d  d u r i n g  p r o t o n i c  c y c l i z a t i o n  of the  t r a n s - 6 , 7 - f a r n e s e n a t e  e s t e r * ) .  H o w e v e r ,  t h e r e  i s  no doubt  t ha t  
up to  50% of  c i s - A / B - b i c y c l o f a r n e s e n a t e  e s t e r s  a r e  f o r m e d  by c y c l i z a t i o n  of (Ia) wi th  (CF3COO)2Hg. P r o c e e d -  
i ng  f r o m  [6 ,7] ,  t h i s  f ac t  m a y  be e x p l a i n e d  by an i n c r e a s e  in  the  c o n f o r m a t i o n a l  s t a b i l i t y  of the  i n t e r m e d i a t e  of 

* A s m a l l  a m o u n t  of  f l - b i c y c l i c  e s t e r  i s  f o r m e d  when the  f a r n e s e n a t e  e s t e r  i s  c y c l i z e d  with  CH3OCH2 +. BF~ [5]. 
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type (II). Unlike even CH 3 [6], the HgY group has no effect on the conformational  stabil i ty of the ring sys tem 
(AG -- 0). This has recent ly  been conclusively established for  simple cases  [8] and has been demonstrated by 
us in the case of related isoprenoid s t ruc tu res  [9]. Consequently,  the conformational  stabili ty of intermediate 
(IIa) may be due to the formation of an unstable onium s t ruc ture  glb), which cannot occur  during protonic cyc l i -  
zation. When 2 , 3 - e p o x y - c i s - 6 , 7 - t r a n s - 1 0 , 1 1 - f a r n e s e n a t e  este~ (XlI) was cyclized with H3PO4, 3% of the c o r -  
responding c i s - A / B  hydroxy es t e r  was isolated [10]. In the light of the resul ts  of the present  investigation, 
this can be explained by the stabil izing influence of the OH group at C ~ i:~. a monocyclic  intermediate  of type 
(II) .  * 

The conformational  stabil ization of the intermediate  during cyclization of the c i s - fa rnesena te  e s t e r  (Ia) 
with Hg(CF3COO) 2 resul ts  

Reaction Scheme 2 
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in the format ion of 50% of the c i s -A /B-b i cyc l i c  product.  We can assume that the folunation of the B/C sys tem 
by cycl izat ion of c i s -10 ,  l l - g e r a n y l g e r a n a t e  (XIV) and t r ans -10 ,  l l -ge rany lge r~na te  (XIII) es te r s  will be com-  
pletely s te reospec i f ic ,  even in the p resence  of acids .  In this case ,  the rigid t rans -deca l in  s t ruc ture  of the 
A/B ring sys tem must  be the factor  which stabil izes the conformation of intermediates  (XVI) and (XV). The 
co r rec tnes s  of this hypothesis has been verified experimental ly (reaction Scheme 2). 

The initial t r a n s - 6 , 7 - c i s - 1 0 , 1 1 -  (XIV) and t r a n s - 6 , 7 - t r a n s - 1 0 , 1 1 - g e r a n y l g e r a n a t e  (XIII) es te r s  were 
prepared  f rom the individual farnesylacetones  [11] by react ion with ethoxyacetylene [12]. Cyclization under the 
influence of H2SO 4 was ca r r i ed  out under the farnesenate  conversion conditions descr ibed in [3] using a mixture 
of i somers  in which the conjugated 14,15 double bond was cis and t rans .  In this case ,  (XIII) and (XIV) each 
formed two products with nonoverlapping GLC peaks; these were separated by prepara t ive  GLC. The products  
with the sho r t e r  retention t ime,  judging f rom their  PMR spect rum (four CH 3 signals in the 0.85-1.0 ppm range 
and one at 1.58 ppm) and mass  spec t rum (M +, M + --CH3, M+--CH3- -E tOH,  M+-- EtOH -- CO) , a re  the t r icyc lo-  
geranylgerana te  es te r s  (XVII) and (XVIII), respect ively .  The PMR spec t ra  of the products with the longer r e -  
tention t imes contain three CH 3 signals in the 0.85-0.90 ppm range and two CH 3 signals at 1.55 and 1.90 ppm. 
The mass  spec t ra  of this pair  of products ,  besides containing the f ragments  listed above, have intense peaks 
with m / e  values of 205 and 191, corresponding to the two types of allylic cleavage (a and b) indicated in fo r -  
mulas (XIX) and (XX). On the basis of these data, we can assume that the products with the longer retention 
t imes a re  bicyclogeranylgeranate  es te r s  (XIX) and (XX). In the PMR spect ra  of all four products ,  the doubling 
up of the signals f rom the protons in the COOC2H 5 group indicates the presence  of a mixture of i somers  con- 
nected with the i s o m e r i s m  of the 14,15 double bonds in the initial e s t e r s  (XIII) and (XIV). We have special ly 
not d iscussed the question of the position of the double bond (~ or  /3) in ring C for  (XVII) and (XVIII) and in ring 
B for  (XIX) and (XX), but type-a  cleavage in the mass  spec t rum of (XIX) is substantially more  intense than the 
corresponding cleavage for (XX), which rules  out ~he predominance of a s t ruc ture  with a t3 double bond in the 
r ing in (XIX) (cf. [13]). At the same  t ime,  this may indicate a difference in the stability of the configurations 
of (XIX) and (XX). By analogy with the bicyclofarnesenate  es te r s  [3], we can assume that (XX) is more  stable 
than (XIX). Then, in accordance  with the ideas expressed in [14], the m a s s - s p e c t r a l  data confirm that the side 
chain and angular CH 3 group have a syn configuration in (XIX) and an anti configuration in (XX). 

* When t rea ted  with electrophil ic  reagents ,  isoprenoids do not tend to eyclize in their  p rereac t ion  conformation 
with ring A in the boat form [7]. 
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Because  of the lack of suff ic ient  ouanti t ies  of the subs tances  and the complexi ty  of s e pa r a t i ng  the ind iv i -  
dual  i s o m e r s ,  we did not obtain chemica l  evidence for  t h e i r  s t r u c t u r e s .  However ,  on the bas i s  of the fact  that  
cyc l i za t ion  of (XIII) and (XIV), which d i f fe r  only ~ in the conf igurat ion of the 10, 11 double bond, r e su l t s  in the 
fo rmat ion  of d i f fe ren t  t r i c y c l i c  p roduc ts  (XVII) and (XVIII), we can a s sume  that  this  d i f fe rence  l ies  in the geo-  
m e t r y  of the B/C r ing s y s t e m ,  and we can a s s ign  a t r a n s - a n t i - t r a n s  s t r u c t u r e  to i s o m e r  (X-VII) and a t r a y s -  
s y n - c i s  s t r u c t u r e ' t o  i s o m e r  (XVIII),* i . e . ,  the cyc l iza t ion  of (XIII) and (XIV) under  the influence of ac ids  p r o -  
ceeds  as a s t e r e o s p e c i f i c  p r o c e s s  involving t h e  fo rmat ion  of i n t e r m e d i a t e s  {XV) and {XVI) with fixed conf igura-  
t ions .  

E X P E R I M E N T A L  

The GLC ana lys i s  was p e r f o r m e d  with an in s t rumen t  with a g las s  f l ame- ion iza t ion  de tec to r ,  using a 
column (3 m • 4 mm) packed with 8% Apiezon M on s i l an ized  Chromosorb  W at 180~ for  (I)-(XX) and using 
a g l a s s  c a p i l l a r y  (50 m • 0.5 mm) packed with 5% PEG 2000 at  160~ for  (V)-(XX). The p r e p a r a t i v e  GLC 
sepa ra t i on  of (XVII)-(XX) was c a r r i e d  out with a g las s  column (3 m • 8 ram) containing 5~ XE 60 on s i lan ized  
Chromaton AW at 200~ with an e v a p o r a t o r  t e m p e r a t u r e  of 270~ and a c a t h e r o m e t e r  de t ec to r .  The PMR 
s p e c t r a  were  r e c o r d e d  with an IL -DA-60  in s t rumen t  us ing solut ions  in CC14 with TMS as in t e rna l  s t andard .  
The m a s s  s p e c t r a  were  obtained with an MKh-1303 in s t rumen t  at  an ionizing voltage of 70 eV. 

The in i t i a l  i s o m e r i c  f a rnesen i c  e s t e r s  were  p r e p a r e d  by reac t ing  the individual  c i s -  and t r a n s - g e r a n y l -  
acetones  with e thoxyacety lene  in the p r e s e n c e  of BF 3 e the ra te  [12]. The r e su l t ing  mix tu re  of 10,11 double 
bond i s o m e r s ,  with a c i s : t r a n s  r a t io  of 2:3, was s e p a r a t e d  by f r ac t iona l  r ec t i f i ca t ion  in vacuo on a column 
with an ef f ic iency of N120 t h e o r e t i c a l  p la tes  (130 cm • 1.4 cm,  copper  packing,  ref lux ra t io  ~ 90) at 120- 
125~ mm.  The s epa ra t i on  was moni to red  by GLC. 

The individual  c i s - 6 , 7 -  and t r a n s - 1 0 ,  l l - f a r n e s y l a c e t o n e s  were  p r e p a r e d  f rom the individual  g e r a n y l -  
ace tones  via the co r r e spond ing  d ihyd rone ro l i do l s ,  followed by reac t ion  with ace toace t i c  e s t e r  [11] and s e p a r a -  
tion by f r ac t iona l  r ec t i f i ca t ion  in vacuo on the a forement ioned  column at  100-115~ mm.  The m e r c u r y  t r i -  
f luoroace ta te  was p r e p a r e d  as in [15]. 

Cycl iza t ion  of t r a n s - 6 , 7 - t r a n s - 1 0 , 1 1 -  F a r n e s e n i e  Ester_ (Ib~o A solution of 2.13 g (5 mmoles )  of Hg(C F3COO)2 
in l0  ml  CH3NO 2 was added in 1 min at 0~ to a s t i r r e d  solut ion of 1.2 g (4.6 mmoles )  of t r a n s - 6 , 7 - t r a n s - 1 0 ,  
l l - f a r n e s e n i c  e s t e r  in 10 ml  of abs .  CH3NO 2. The mix tu re  was s t i r r e d  for  0.5 h at 0~ and t r ea t ed  s u c c e s s i -  
vely  with 3 ml  of 3 M NaOH solut ion and 0.1 g of NaBH 4 in 5 ml  of 3 M NaOH. S t i r r ing  was continued at 0~ 
for  0.5 h, m e t a l l i c  m e r c u r y  being p rec ip i t a t ed .  The suspens ion  was diluted with wa te r  and the organic  l a y e r  
ex t r ac t ed  with hexane.  The hexane solut ion was d r i ed  with Na2SO4, the hexane r emoved ,  and the r e s idue  d i s -  
t i l l ed  in vacuo to give .73 g (60%) of a p roduc t  with a bp of 120-125~ mm,  n~ = 1.4900, which was iden t i -  
fied as  t r a n s - ~ - b i c y c l o f a r n e s i c  e s t e r  (VIII) by GLC. 

Cycl iza t ion  of c i s - 6 , 7 - t r a n s - 1 0 ,  l l - F a r n e s e n i c  E s t e r  {Ia). A solution of 3.28 g (7.6 mmole) of Hg(CF 3- 
COO) 2 in 5 ml  CH3NO 2 was added in 1 min at 10~ to a S t i r r e d  solut ion of 1.7 g (6.5 mmole)  of c i s - 6 , 7 - t r a n s -  
10, l l - f a r n e s e n i c  e s t e r  in 10 ml  of abs .  CH3NO 2. The mix tu re  was s t i r r e d  for  a fu r the r  10 min,  a f te r  which 
i t  was reduced as above and worked up in the n o r m a l  way to give 1.6 g of product .  Ana lys i s  by GLC indicated 
the p r e s e n c e  of 20-25% of a mix tu re  of ~ -  and f i -monocyclofarnesen ic  e s t e r s  (III), up to 25% of t r a n s - A / B -  
b i c y c l o f a r n e s e n i c  e s t e r  (VIII), and up to 50% of a product  which did not co r r e spond  to any known fa rnesen ic  
e s t e r  and had a s h o r t e r  re tent ion  t ime  than the t r a n s b i e y c l i c  e s t e r s .  A por t ion (1.6 g) of this mix ture  was 
t r e a t e d  with 40 ml  of 10% methanol ic  KOH at 40~ for  10 h (conditions fo r  saponifying acye l ic  and monocycl ic  
e s t e r s ) .  Conventional  working up gave 0.8 g of a neu t ra l  f rac t ion  containing (GLC) the e s t e r  (VIII) and an 

unknown diff icul t ly  saponi f iab le  e s t e r .  

A me ta l  bomb containing 0.7 g of the neu t ra l  f rac t ion  and 5 ml  of 1070 methanol ic  KOH was heated at 150- 
160~ for  6 days .  The methanol  was d i s t i l l ed  off and the r e s idue  t r e a t e d  with wa te r  and ex t r ac t ed  with e the r .  
The aqueous l a y e r  was ac id i f ied  with 2 N H2SO 4 to l i be ra t e  an oi l  which c r y s t a l l i z e d  on s tanding.  Repeated r e -  
c r y s t a l l i z a t i o n  gave an individual  (GLC) acid with a m p  of 107~ (from hexane- -ace tone) .  T r e a t m e n t  of this  
acid  with CH2N 2 gave a pure  (GLC) methyl  e s t e r  (PMR s p e c t r u m  d i s cus sed  in text) .  This  was t r e a t e d  with a 
4:1 mix tu re  of HCOOH and H2SO 4 at  ~20~ for  4 days .  The mix tu re  was then diluted with wa te r ,  ex t r ac t ed  
with hexane,  and the ex t r ac t  washed with 20% KOH. Accord ing  to GLC data ,  the hexane solution contained (X). 
Acid i f ica t ion  of the a lka l ine  solut ion with 2 N H2SO 4 gave a mix tu re  of (V) and (VI) in a ra t io  of 1:4 (GLC of 

methyl  e s t e r s ) .  

* The s t e r e o s p e c i f i c i t y  of the fo rmat ion  of the A /B  r ing  s y s t e m  is  indica ted  by data on the cyc l iza t ion  of f a r -  

nesy lace tone  i s o m e r s  [1], etc.  
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t r a n s - 6 , 7 - c i s - 1 0 , 1 1 -  (c i s , f rans ) -14 ,15-Gerany lgeran ic  Es t e r  (XIV). A solution of 5.25 g (20 mmoles) of 
t r a n s - 6 , 7 - c i s - 1 0 , 1 1 - f a r n e s y l a c e t o n e  in 35 ml  of abs.  ether  was t reated at 5~ with 2.4 g of BF 3 etherate ,  
s t i r r ed  for  15 rain, and t rea ted  at --10~ with 2.1 g (30 mmoles) of f reshly distilled ethoxyacetylene.  The r e -  
action mixture was s t i r red  at ~20~ for  4 h, poured into saturated NaHCO 3 solution, extracted with e ther ,  and 
the extract  dried with NaSO 4. The ether  was removed and the residue distilled to give 4.1 g (62%) of a product 
with a bp of 165-170~ ram. This ,  according to GLC data,  was a mixture of c i s - 1 4 , 1 5 -  and t r a n s - 1 4 , 1 5 -  
t r a n s - 6 , 7 - c i s - 1 0 ,  l l - g e r a n y l g e r a n i c  e s t e r  in a ratio of 2:3. 

t r a n s - 6 , 7 - t r a n s - 1 0 , 1 1 - ( c i s , t r a n s ) - 1 4 ,  15-Geranylgeranic  Es t e r  (XIII). A solution of 6 g (22 mmoles) of 
t r a n s - 6 , 7 - t r a n s - 1 0 ,  l l - f a rne sy l ace tone  in 40 ml of abs.  ether  was t reated at 5~ with 2.8 g of BF 3 etherate ,  
s t i r r ed  for  15 rain, and t reated at --7~ with 2.4 g (34 mmole) of f reshly distilled ethoxyacetylene in 2 rain. 
The react ion mixture was s t i r r ed  at ~20~ for  3 h, poured into saturated NaHCO 3 solution, extracted with 
ether ,  and the extract  washed with water  and dried with Na2SO 4. The ether  was distilled off and the residue 
distilled in vacuo to give 6 g (79%) of a product with a bp of 170-180~ mm.  According to GLC data,  this 
was a 2:3 mixture of c i s - 1 4 , 1 5 -  and f r a n s - 1 4 , 1 6 - i s o m e r s  of t r a n s - 6 , 7 - t r a n s - 1 0 , 1 1 - g e r a n y l g e r a n i c  es te r .  

Cyclization of (XIV) with HzSO 4. A solution of 2 g (6 mmoles) of (XIV) in 5 ml of abs.  ni t ropropane was 
added in 5 rain at --70~ to a s t i r red  solution of 3.2 ml of 100% H2SO 4 in 10 ml of abs.  ni tropropane.  Stirring 
was continued at --70~ for 20 min, at --40~ for  15 min, and at 0~ for 20 rain. The solution was then t reated 
with a mixture of hexane and saturated NaHCO 3 solution, s t i r r ed  for  0.5 h, extracted with hexane, and the 
extract  washed with water  and dried with Na2SO 4. The solvent was distilled off to give 1.6 g (80%) of a product 
which, according to GLC data, was a mixture of two substances in a rat io of 1:2. This mixture was separated 
by prepara t ive  GLC. The PMR and mass  spec t ra  of the isolated i somers  are discussed in the general  section. 

Cyclization of (XIII) with H2SO 4. Analogous t rea tment  of 1.9 g (5.7 mmoles) of (XIII) in 10 ml of abs.  
ni tropropane with 3.2 ml of 100% H2SO 4 in 10 ml of abs.  ni tropropane gave 1.75 g (92%) of a product compris ing 
according to GLC data, a mixture of two substances in a ratio of 1:2. This mixture was separated by prepa-  
rative GLC. The PMR and mass  spec t ra  of the isolated i somers  are  discussed in the genera l  section.  

The authors wish to thank O. S. Chizhov for  discussing the mass  spec t ra  of the i somer ic  cyclic ge rany l -  
geranic  e s t e r s .  

CONC LUSIONS 

I. In contrast to the nonstereospecific protonic cyclization of isomeric trans-6,7- and cis-6,7-farnesen- 
ate esters, which gives the trans-bicyclic ester in both cases, cyclization of the cis-6,7 isomer with Hg(CF 3- 
COO) 2 results in a mixture (~i:I) of cis- and trans-A/B products. 

2. Protonic cyclization of the trans-10,11 and cis-10,11 isomers of geranylgeranate esters results in 
the formation of different tricyclic products. 

3. An interpretation of the stereochemistry of these reactions is proposed on the basis of the formation 
of corresponding mono- and bicyclic intermediates with fixed conformations. 
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2. 

3. 

4. 

5. 

6. 
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A L C O H O L Y S I S  OF 4 - P R O P E N Y L - 1 , 3 - D I O X A N E  

M.  G .  S a f a r o v ,  V .  G .  S a f a r o v a ,  
a n d  S.  R .  R a f i k o v  

UDC 547.841:541.124 

The methanolys i s  of 4 -subs t i tu ted  1 ,3-d ioxanes  p roceeds  via  the fo rmat ion  of mixed ace t a l s ,  1 ,3 -d io l s ,  
and products  of the i n t r a -  and in t e rmolecu la r  dehydrat ion of the l a t t e r  [1-4]. The composi t ion of the reac t ion  
products  depends on the nature  of the dioxane: monoalkyl -subs t i tu ted  dioxanes give mainly  the cor responding  diols 
[1, 3, 5, 6], while d ia lkyl -subs t i tu ted  dioxanes give both diols and also the i r  monomethyl  e thers  [2, 3, 7, 8], 
unsubst i tuted a lcohols ,  dienic hydrocarbons  with conjugated double bonds [2, 3, 9], and compounds with a t e t r a -  
hydrofuran  s t r u c t u r e  [10]. 

The a lcoholys is  of 4 -a lkeny l - subs t i tu ted  dioxanes has never  been studied.  The i r  involvement  in the r e -  
act ion in question may  provide  informat ion  about the connection between the nature  of the dioxane and the routes  
by which i t  is  conver ted  during a lcoholys is .  We have studied the react ion  scheme of 4 -p ropeny l -1 ,3 -d ioxane  
(I) with methanol ,  ethanol and propanol ,  and the products  fo rmed .  

It might  be expected that 4 - h e x e n - 1 , 3 - d i o l  (II) would be the m a j o r  product  or  one of the products  of the 
methanolys i s  of (I), but the reac t ion  goes in the di rect ion leading to the fo rmat ion  of 2 -me thy l -5 ,  6 -d ihydro-  
pyran  (III) and two i s o m e r i c  hydroxy e t h e r s ,  v i z . ,  3 - m e t h o x y - 4 - h e x e n - l - o l  (IVa) and 5 - m e t h o x y - 3 - h e x e n - l - o l  
(Va), while (II) and i ts  i n t r amolecu la r -dehydra t ion  products  could not be detected.  

The yield of the products  v a r i e s  ove r  a quite na r row  range  (Table 1) when the methanolys is  of (I) is  c a r -  
r ied  out under  different  condit ions.  The to ta l  yield of the hydroxy e thers  is 60-70% and that  of the pyran  is 30- 
40%. 

The kinetic curves  for  the accumulat ion of the reac t ion  products  fo rmed  by methanolys is  of (I) (Fig. 1) 
give us r e a son  to suppose that  (III), (IVa), and (Va) a r e  fo rmed  d i rec t ly  f r o m  the dioxane,  by -pass ing  the f o r -  
mat ion  of the hexenediol.  N e v e r t h e l e s s ,  we tes ted  exper imen ta l ly  the poss ibi l i ty  of (IVa) being formed by r e -  
act ion of (II) with methanol .  The expe r imen t s  showed that so lvolys is  of (II) with methanol  does indeed give the 

Cj 1 lole/liter C,mole/liter 

o,q 
Z,O 

q 

Y 
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Fig.  1. Kinetic cu rves  for  the accumu-  
lation of products  of the react ion  of 4-  
p ropeny l -1 ,3 -d ioxane  with methanol:  1) 
(I); 2) (IVa); 3) (Va); 4) (III). T e m p e r -  
a ture  70~ [{I)] 0 = 3.0, [CH3OH] 0 = 14.6 
m o l e s / l i t e r ,  [H2SO4] = 2.9%. 
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