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The problem of the s t e r eochemis t ry  of the addition of an "external" electrophile to the 2, 3 double 
bond of the isoprenoid molecule is of interest  not orrly in connection with a study of electrophilic cyc l iza -  
tion, but also as a part  of the genera l  problem regarding the s te reochemical  rules  of the react ion for 
electrophil ic addition to the t r isubst i tuted double bond. P rev ious ly  we had obtained some data on the non- 
specific nature of this react ion under the influence of acids for the case  of the isoprenoid analogs that 
contain at. ethyl group (as a label) in place of one of the methyl groups at C 2 [1]. However, these data 
have not permi t ted  making as yet any unequivocal conclusions regarding the "ordinary"  isoprenoids.  A 
method was descr ibed recent ly  for the synthesis  of isoprenoids that contain the completely deuterated 
t r ans -me thy l  group at C 2 as the label [2]. In the present  paper we studied the s t e reochemis t ry  of the cy-  
cl izat ion (ff the D3-analog of geranic es ter  (D and geranylacetone (IT) under the influence of acids and 

m e r c u r y  ,qalt s. 

The method used to cycl ize  (I) and (II) under the influence of acids and the identification of the 
formed products  were  descr ibed previous ly  [3]. In the case  of (I) the pure t rans-6 ,  7 - i somer  ( trans-CD 3 
at C2) was used in the react ion.  In the case  of (ID the react ion was run with a mixture of the c i s - t r a n s  
i s o m e r s  at the 6, 7 bond (both with a t rans-CD 3 group at C2), each of which was s tereospecif ica l ly  con-  
ver ted  [3] under the experimental  conditions respect ive ly  to the bicyclic product with either a c i s -  or a 
t rans-coupl ing  of the A / B  r ings.  The pure t r a n s - A / B  i somer  (V) was isolated f rom the mixture by p rep -  
ara t ive  G LC. 
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(II) trans-6,7 (+ cis-6,7) (V) trans-A/B (Va, CH a, CHa). 

The s t e r eochemis t ry  of the react ion for addition to the 2, 3 bond was determined f rom the data on 
the relat ive intensity of the signals of the geminal CH 3 groups in the NMR spect ra  of the cycl izat ion p r o -  
ducts of the duetero analogs, since it is known that the corresponding signals for the undeuterated p r o -  
ducts appear as two separa te  3H singlets in the 0 . 7 - 0 . 9  ppm region.  Thus,  the undeuterated (Va) has two 
3H singlet,~ at 0.74 and 0.85 ppm. In the N1VIR spec t rum of (IIIa) the signals of these groups merge,  but 
two 3H singlets again appear in its reduction product (IVa) at 0.8 and 0.93 ppm. 
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We found that the NMR spect ra  of the deuterated products  of the proton cycl izat ion of (IV) and (V) 
coincide completely  with the spect ra  of (IVa) and (Va), but the intensity of each of the signals of the gemi -  
hal CH 3 groups in (IV) and (V) is half of the intensity of these signals in (IVa) and (Va). F r o m  this it 
unequivocally follows that both (IV), and consequently also (III), and (V) are  an equimolar mixture of two 
eptmers ,  which differ in the configuration of the CD 3 group at C 2 in (IV) or Cs in (V). Consequently, the 
protonation of the 2, 3 double bond and its subsequent react ion with the 6, 7 double bond proceed as a non- 
s tereospecif ic  p rocess .  

The obtained result  is in agreement  with the electrophilic cyclizat ion mechanism that was proposed 
by us ear l ie r  [4], which predicates  the intermediate formation of carbonium ions of the A type (as in t im- 
ate ion pairs) .  
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It is charac te r i s t ic  that the same completely nonstereospecific nature of the react ion is observed for 
the cyclizat ion of (1) and (l'I), although in the f i rs t  case  the 6, 7 double bond, which is substantially less 
nucleophilic (due to conjugation with the carbomethoxy group) than the 6, 7 double bond in (n), takes part  
in the react ion of addition to the 2, 3 bond. 

It is also interesting that the use of var ious  acids as cyclizat ion init iators (100% H2SO4, FSO3H, or 
SbFs-FSO3H) in nitromethane or in 802 is without effect on the steric direct tvi ty of the studied step of the 
cycl tzat ion react ion.  

The cycl lzat ion of isoprenoids under the influence of m e r c u r y  salts  [5] was developed as an alternate 
route for the synthesis of the same cyclic products  as are  obtained when the eycl izat ion is run under the 
influence of acids.  We studied the s t e reochemis t ry  of this react ion at the 2, 3 bond on the example of the 
cycl izat ion of CD3--eranylacetone (II). In this case the start ing mater ia l  
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was a mixture of the i somers  at the 6, 7 double bond and the pure t r a n s - t s o m e r  (Vb) was isolated by p r e p -  
arat ive GLC. An analysis  of the NMR spect rum disclosed the complete disappearance of the signal of the 
CH 3 group at 0.95 ppm, with a retention of the 3H singlet at 0.74 ppm. Consequently, s tereospecif ic  addi- 
tion at the 2, 3 bond occurs  when the cycl izat ton is initiated by a m e r c u r y  salt. Since mercura t ton  is usual-  
ly accomplished as a t r ans -s te reospec i f i c  reaction, with the probable formation of the mercur in ium ion 
[6], it is possible to assume that the s tereospecif ic  format ion of (Vb) proceeds  by an analogous scheme:  

CH 3 

D z c ~  H~X~ 

~0 

D 3 C ~  
"3 Agx % 

D 3 C / ~ o ~  x 

Acc ording to this scheme, the C H s group at C 6 in (Vb) should have an axial c onfiguration. This is apparently c o r -  
roborated by the data of the NMR spectrum, for of the two signals of the gem-dimethyl  group the signal of the 

axial group is found, as a rule, further  upfield [7]. 

The obtained data show that the use of me rcu ry  salts makes it possible to assure  a s tereospecif ic  
p r o g r e s s  of the initial step of the cyclizat ion and obtain cyclic isoprenoids with a s t r ic t ly  definite configu- 
rat ion of the geminal substituents. 
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METHOD 

The NMR spectra (on the 6 scale) were taken on a Varian DA-60IL instrument relative to HMDS. 
The mass spectra were recorded on a Varian CH-6 instrument. 

CyeUzation of (I). a) The treatment of 0.1 g of (I) with 0.054 g of FSO3H in CH3NO 2 at -20~ [3] 
gave 0.072 g of (HI), which was reduced (LIAIH 4, ether) to (IV). NMR spectrum- 0.8 and 0.93 ppm (two 

l 
identical ~,~inglets with a total intensity of 3H, CH3-C-CD3) 5 1.67 (3H, broad singlet, CH3C =C-), 3.57 

l 
(2H, doublet, J = 3.5 Hz, CH2OH), and 5.45 (IH, broad, CH=C-). Mol. wt. (by mass spectrometry)157; 

CIoHIsD30, 

b) The treatment of 0.i g of (1) with 0.054 g of FSO3H [n CHINO 2 at-20~ [3] gave 0.072 g of (HI), 
which was reduced (LiAIH4, ether)to (IV) with an identical NMR spectrum. 

Cyc ization of (II). a) The treatment of 0.3 g of (If) with 0.13 rnl of FSO3H and 0.17 ml of SbF 3 in 
SO 2 solution at -65 ~ gave 0.18 g of (V) (mixture ofcis-transisomers). The pure trans isomer was isol- 
ated by preparative GLC; NMR spectrum: 0.74 and 0.85 ppm (two identical sing lets with a total intensity 

of 3H, CH~.-~-CD~), 1.05 - C - ( C H 3 ) - O - ,  3It, singlet), 1.54 (3H, broad single[, C H 3 - C = C - ) ,  and 

4.28 (1H, broad, - C H = C - O ) .  Mo[. wt. (by mass  spec t romet ry  197; CI~HI~D30. 

b) ~I'he t reatment  of 0.3 g of (II) with 0.75 ml of 100% H2SO 4 inC2HsNO 2 at - 7 0  ~ [5] gave (after r e -  
duction) product  (V)with an identical NlVltl spec t rum.  

e) The t rea tment  of 0.2 g of (II) with 0.51 g of Hg(OOCCF3) 2 in CH.~NO 2 a t - -20 ~ [5] gave (after r e -  
duction wit:h NaBI-I 4 and separat ion of the e i s - t r a n s  isomers)  0.05 g of (Vb), which, based on the data of 
GLC and ti~e mass  spectrum, is identical with the above described (V) samples .  NNtt spectrum: absence 
of a single;: at 0.74 ppm, and a 3H singlet at 0.85 ppm; the remaining signals coincide with the signals of 
the descr ibed (V) samples .  

C O N C  L U S I O N S  

Initiation of the react ion for the eycl izat ion of isoprenoids by acids proceeds as a nonstereospecifie 
p roces s  at the 2, 3 bond, while when this react ion is initiated by m e r c u r y  salts [t proceeds  as a s te reo-  
specific react ion.  
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