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Prev ious ly  while studying the s t ruc tu ra l  and s t e r i c  di rect ion of the ac id -ca ta lyzed  cycl izat ion of i so -  
prenoids  we developed a method for  running the cycl izat ion at low t empera tu r e s  under  the influence of 100% 
H2SO 4 [2], which makes  it poss ib le  to obtain cyclic  isoprenoids  in good yield,  and a s s u r e s  a s t e reospec i f i c i ty  
of the p r o c e s s  and, as a ru le ,  a quite high degree  of s t ruc tu ra l  se lec t iv i ty  [3]. However ,  sulfuric  acid,  which 
protonates  the t e rmina l  double bond of the acycl ic  isoprenoid molecule ,  is capable  of giving the c o r r e s p o n d -  
ing acycl ic  su l foes t e r s ,  especia l ly  in those cases  where  the cycl izat ion is r e ta rded  by the involvement of 
the conjugated double bond, for  example ,  in the cycl izat ion of geranic  e s t e r  [1]. Taking into account the fact  
that the fo rmat ion  of su l foes te r s  is undoubtedly one of the fac tors  respons ib le  for  the p r o g r e s s  of secondary  
p r o c e s s e s  during the cyclizat ion,  we began a s ea rch  for  other cycl izat ion agents ,  which p o s s e s s  the advan-  
tages  of sulfuric  acid,  but lack the abil i ty of fo rming  addition products .  Fluorosulfonic acid proved to be 
such a cycl izat ion agent,  which shows l i t t le  inclination to f o r m  f luorosulfonates  and is capable  of sharp ly  in-  
c reas ing  the r a t e  of the cycl izat ion reac t ion .  The p resen t  invest igat ion is devoted to a study of the c h a r -  
ac t e r i s t i c  f ea tu res  assoc ia ted  with this and the advantages of f luorosulfonic acid,  including its use  for  syn-  
thes is  pu rposes .  

As the object of study we se lec ted  cer ta in  typical  i soprenoids  that contained var ious  functional groups,  
in pa r t i cu l a r ,  a lso those  that cannot be sa t i s fac to r i ly  conver ted  to cyclic products  under the influence of the 
commonly used r eagen t s .  The reac t ion  was run in conventional manner  [3, 4] in an inert  solvent of the type 
of the n i t roparaff ins  or  liquid SO 2. P rev ious ly  we had shown [5] that a sui table method for  the synthes is  of 
predominant ly  the c~-(II) or  the fi-ionones (III) by the cycl izat ion of pseudoionone requ i res  the use of sub-  
s tant ial  amounts  of H2SO 4 (2-6 m o l e / m o l e  of ketone).  As can be seen f r o m  Table  1, 0.5-1.0 mole  of FSOsH 
is sufficient in o rde r  to run the cycl izat ion of (I) in sa t i s f ac to ry  yield (Expts. 2-5).  Both the yield and the 
composi t ion of the reac t ion  products  is independent of the i somer i c  composi t ion of the s ta r t ing  r  
the s ame  as in the case  of cycl izat ion under the influence of H2SO 4. In Table  1 a r e  a lso  given data on the 
cycl izat ion of (I) under  identical  conditions under the influence of H2SOr which c l ea r ly  show how much less  
act ive  this reagent  is than FSO~H (see Expts .  5 and 6) 
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*See [1] for  Communicat ion 25. 
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TABLE 1. Cyclization of r  Under the Influence of FSO3H (Sol- 
vent = 10 ml /g  of s tar t ing compound) 

No. Amount of T 
FSOsH, M/~  

Expt, ~-Ionone (1) of starting] 
] compound ] 

T.,  ~ 

Composition of mixture 
of reaction products,% 

Time,' m ~ - - -  C-- - - - - -  
rain . p._roduct starting 

(II)  ( I I I )  [compound 

t cis + trans (6.7) 0,05 20 100 
32, tr ns (67) 0,,0 20 120 

cis + trans (6.7) 0,50 25 
15 

4 trans (6.7) 1,00 --30 120 
5 trans (6 7) t,00 --,0 10 
61" cis + trans (6.7) t,00 --t0 60 13 

* The preparative experiment under these eonditi ons gave a 65% yield. 
?The experiment was mn with 100% H2SO4. 

too 

58 ,, 
74 

62 
84 

This difference proved to be even more  str iking when going over to geranic es ter  (IV) (fable 2). In 
this case i~: is possible to run the react ion even with catalytic amounts of FSO:H, and at -25 ~ it is sufficient 
to use 0.05 mole of FSO~H per mole of (IV) in order  to obtain the c~-cyclogeranic es ter  (V) in good yield 
(Expt. 1). :For compar ison we will state that at least  2o5 mole of H2SO 4 is required  for the successful  cyc l i -  
zation of (IV) under the influence of H2SO 4. 

The possibi l i ty of running the react ion with small  amounts of acid made it possible to study the cyc l iza -  
tion of a c i d - l a b i l e  isoprenoids.  Thus, the use of FSO3H makes it possible to accomplish the cyclizat ion of 
geraniol  (VI) on the ionone type with a 62% yield of {VII) (Expt.4), whereas with sulfuric acid this product is 
obtained in ~30% yield [7], while the principal  direct ion of the react ion is the formation of p-methane  der iv -  
at ives.  The cycl izat ion of the c i s -  and t rans -gerany lace tone  ketals (VIII) was successful ly  accomplished 
under the influence of FSO,~H in amounts ranging f rom 0.1 to 0.5 mole /mole  of compound (Expts. 5-7), in 
which connection the ketal protect ion is retained here .  This t ransformat ion  cannot be accomplished under 
the influence of either H2SO 4 or  BF~, for  here  the cleavage of the ketal grouping and the format ion of bicycl ic  
products  occur .  It is interest ing that the fi-cyclo product (IX) is formed during the cycl izat ion of the t rans ,  
as well as Lhe cis i somer  of (VIIIa) and (VIIIb), although the predominant format ion of the c~-cyclo product 
(VIIIc) f rom {vtIIb) could be expected [8]. This resul t  is apparently associated with the ease of the i s o m e r i -  
zation: (VIlIc)-~ (IX). Actually, the authentic (VItIc) under the conditions for  the cycl izat ion of (VIIIa) is 
completely converted to (IX). The indicated reac t ion  can serve  as a convenient method for the prepara t ion  
of dihydro-fi- ionone (IXa), an important  intermediate  in the synthesis of terpenoids 

/ "-.. 

(VllIb) (vlllc) 

Consequently, as a resul t  of the per formed studies it was found that fluor0sulfonic acid as a cycl izat ion 
agent has anumber  of important  advantages over sulfuric acid, which are  apparently associa ted with the in- 
ability of YSOsH to fo rm either fluorosulfonates or  associa tes  of the type of intimate ion pa i r s .  In other 
words,  FSOsH probably facil i tates a g rea te r  "degree of development" of the carbcat ion center  at C 2 of the 
isoprenoid molecule,  which leads to an accelera t ion of the cyclizat ion react ion.  In our opinion, the above 
enumerated examples a re  sufficient to consider  fluorosulfonic acid as being a promis ing new reagent  in the 
react ion foe the ac id-ca ta lyzed  cyelization of isoprenoids .  

EXPERIMENTAL METHOD 

The preparation of the starting compounds (1), (IV), (VI), and (Villa, b) was described previously [9-12]. 
The cyclization products were analyzed by GLC (2% of neopentyl glycol suecinate deposited on Chromosorb 

371 



TABLE 2. Cyclization of Acyclic Isoprenoids under the Influence of 
FSOsH (Solvent = 10 ml /g  of s tar t ing compound) 

- - ~  Amount of Composition ~ & 
mixture of reac- 

Expt. FSO3H,M/I~ JTime, tion products, %, '~, 
N o .  �9 Starting compound [ of starting T., ~ rain eycli------~ startin-----"~ -~ 

. ] [ [ product ipound b [ compound [corn- o 

Geranic ester (IV) (mix~ 
rum of cis-trans isomers 

The same 
Geraniol (VI) 

:rans -Geranylacetone 
ketal (VIIIa) 

:is-Geranylacetone 
ketal (VIIIb) 

trans- Geranyl acetone 
l~etal (VIIIa) 

0,05 

0,05 
0,5 
i 
0,5 

0,5 

0,t 

--25 

o0 
--20 

--20 

+20 

120 93 

30 87 
6~ 20 

~t00 
5 ~t00 

5 ~i00 

20 ~i00 

72 

70 

62 
6O 

55 

65 

W, 2 m x 4 mm glass column, f lame-ionizat ion detector,  50-60 ml /min  of N2, tempera ture  125 ~ (A condi- 
tions}, 95 ~ (B conditions), 140 ~ (C conditions), and 155 ~ (D conditions). The NMR spect ra  were taken on an 
R-12 instrument in CC14 solution. The chemical  shifts (6) a re  given relative to HMDS as the internal s tan-  
dard.  The IR spec t ra  were taken on a UR-10 instrument.  The conditions and resul ts  of all of the cyc l iza-  
tion experiments are  summar ized  in Tables 1 and 2, and only some of the typical experiments  a re  given 

below. 

Cyclization of Pseudoionone (see Table 1, Expt. 5). With s t i r r ing ,  to a solution of 1.0 g of t r ans -6 ,7 -  
t rans-8 ,9-pseudoionone {I) in 9 ml of absolute nitromethane at -10 ~ was added in 30 sec a chilled mixture 
of 0.30 ml of 100% FSOsH in 2 ml of ni tromethane.  After keeping at this tempera ture  for 10 min the r e a c -  
tion mass  was decomposed under cooling (-20 ~ with an ether solution of t r iethylamine.  Then it was washed 
with sodium bicarbonate solution, water ,  and dried over sodium sulfate. The solvent was then distilled off 
and the residue was vacuum-dis t i l led.  We obtained 0.80 g (77%) of product with bp 75-78 ~ (0.65 mm); n~ "5 
1.5040. Based on the GLC data (A conditions), the product contains 84% of a - ionone  (II) and 16% of fl- 

ionone (III).* 

Cyclization of Methyl Es ter  of Geranic Acid (see Table 2, Expt. 1). To a s t i r red  solution of 5 g of the 
methyl es ter  of geranic acid (IV) (mixture of c i s - t r a n s  i somers)  in 50 ml of nitropropane at -25 ~ was added 
in 30 sec a solution of 0.08 ml of 100% FSO3H in 1 ml of ni tropropane.  The mixture was s t i r red  for 2 h and 
then poured with s t i r r ing  into 30 ml of ice water containing 20 ml of ether.  The water  layer  was extracted 
with ether,  the combined ether extract  was washed in success ion with NaHCO 3 solution and water ,  and dried 
over Na2SO 4. After distilling of the solvent the residue was distilled to give 3.58 g (72%) of product with bp 
54-55 ~ (0.6 mm); n 2~ 1.4640, which, based on the GLC data 03 conditions}, is the pract ical ly  pure methyl 

es ter  of a - cyc loge ran i c  acid (V); see [13]. 

Cyclization of Geraniol (see Table 2, Expt.4).  To a s t i r red  solution of 1.15 g of geraniol  (VI) in 10 ml 
of ni tropropane,  cooled to -70 ~ was added 0.427 ml of 100% FSOsH in 2 ml of nitropropane at such a rate 
that the temperature  did not exceed -65 ~ (~1 min). The mixture was held for another 5 rain and then decom- 
posed with an ether solution of tr iethylamine,  containing chipped ice, at -50 ~ After the usual workup we 
obtained 0.71 g (62%) of product,  bp 64-66 ~ (1 mm); n~ 1.4830, which, based on the GLC data (C conditions) 
and the IR spectrum, is pure o~-cyclogeraniol (VII); see [7]. 

Cyclization of t rans-Geranylace tone  Ketal (VIIIa) (see Table 2, Expt. 7). To a s t i r red  solution of 0.90 g 
of t rans-geranylace tone  ethylene ketal (VIIIa) in 8 ml of nitromethane at 20 ~ was added 0.022 ml of 100% 
FSO~H in 1 ml of ni tromethane.  The mixture was then s t i r red  for another 20 min. The reaction mass  was 
cooled to -25 ~ and decomposed with a solution of tr iethylamine in absolute ether.  After the usual workup 
we obtained 0.59 g (65%) of product (IX), bp 80-84 ~ (0.7 mm); n~ 1.4808. Based on the GLC data (D condi- 
tions), the compound is identical with dihydro-fl-ionone ethylene ketal (IX). NMR spectrum: 0.92 (-C(CH3)2-), 

*The products in this experiment,  as well as in all of the subsequent exper iments ,were  identified by com-  
par ison with authentic specimens on the basis  of the constants and spectral  charac te r i s t i cs  (IR and NMR 

spect ra  and GLC data). 
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1.15 - ,H~), 1.5 (C=C-CH3) , 3.7 ppm ( H 2- H2); the signals of olefinic protons in the 4.5-5.4 ppm r e -  

O O O O 
I \ /  

gion are absent. The hydrolysis of this product with a 20% solution of H2SO 4 in dioxane (2 h at 40 ~) gives 
dihydro-fl-ionone {IXa). 

Isomerization of Dihydro-a-Ionone Ketal (VIIIc). With st irr ing and cooling (-20~ to 0.20 g of 0YiIIc) 
in 1.5 ml cf nitromethane was added in 30 sec a solution of 0.024 ml of 100% FSO3H in 0.5 ml of absolute 
nitromethane. Then the mixture was s t i r red at -20 ~ for 15 min. After the usual workup and removal of the 
solvent by distillation, the product was identified by the GLC method (D conditions) as being the dihydro-fl- 
ion.he ketal (IX) by comparison with an authentic specimen. 

C O N C L U S I O N S  

It was shown that fluorosulfonic acid can be used as a cyclization agent in the cyclization reactions of 
isoprenoid~, and it has a number of important advantages, and, in particular,  it can be used in small amounts 
(clear down to catalytic amounts), which makes the cyclization structurally more selective and applicable to 
objects thst previously were not amenable to this reaction. 
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