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One of the important features of the biogenetic isoprene rule as formu- 

lated by Eschenmoser et al1 -- is the appearance of backbone rearrangements in 

the post-cyclization structural modification of squalene, e.g. l-3 The 

correctness of this postulate has been demonstrated in a number of cases of 

HO 

biosynthesis of pentacyclic triterpenese and tetracyclic triterpenes and 

steroids, 
2,3,4,5,3 

and it now seems safe to assume that in general this type 

of rearrangement does in fact involve a sequential series of 1,2 shifts of 

hydrogens and methyl groups. The recent appearance of reports 
793 

describing 

enzyme preparations capable of the cyclization and subsequent rearrangement 

of 2,3-oxidosqualene and its congeners raises the following question. What 

necessary role must one ascribe to an enzyme associated with backbone 

rearrangements of the type&-&such that there are no detectable olefinic 

intermediates between initial carbonium ion and final olefin? Studies of 

model reactions reported here suggest a simple answer to this question. 
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As models we chose‘the acid catalyzed conversion of glutin+(ene 

(2 and friedel-3-ene (2 to olean-1%ene (5)."" The mass spectral 

cracking pattern I1 Of& enables one to partially dissect the deuterium con- 

tent of 5-dx 

and E (7'). 

into that present in rings A and B (9 and that in rings C, D 

Our interpretation of the interconversions of&&and& as 

summarized in figure 1, is based on the following observations. 

k-l 

* 

‘6 

figure 1 

1) A solution of 1.91 g of Ain a mixture of 44 ml trifluoroacetic 

acid-d1 and 1120 ml of dry chloroform was allowed to stand at 25' for 7 min. 

Chromatography of the product mixture on silver nitrate-impregnated silica 
12 

gel afforded 1.87 g (97.8% recovery) of&and 5.7 mg of pure cZ_: Deuterium 

analyses, table 1, indicate that, even ignoring %i/%i exchange in the start- 

ing material, the reaction&+Lmust proceed with initial formation Of at 
15 

least 98 &dl. 
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Table la 

ION 

Z do 

dr 

de 

ds 

dd 

2 2. 2 
96.5 -- 91.4 

3.5 84.5 8.6 

-- 14.0 -- 

-- 1.5 -- 

-- -_ __ 

a) The deuterium content ofqand zwas derived from low 

voltage spectra; that ofJ* from 70 e.v. The percentages 

given are estimated to be f 2$. 

2) Allowing the above reaction to proceed to 40% completion gives a 

mixture of&d and ad whose isotopic composition can be satisfactorily 

explained by the pseudo-first order kinetic scheme with ke/ki = 8. 

3-do 
ke_ 

3-dl 

5-dl 5+ 

3) The reaction of friedel-3-ene (4) under the above conditions was 
W 

interrupted at the state of 91% recovered& 2.2% 3-dx and 1.2$ of 5. Mass 
VW 

spectrometry, with corrections applied as above, showed initially formed& 

to be 9% dl. The isolated &was 94% dl and 6% d2. 
14 

4) Olean-12-ene (5) is not indefinitely stable under these conditions. 
VW 

Those products that still contain the A 
12913 

unsaturation, although sub- 

stantially deuterated, appear to carry little of the deuterium in rings A 

and B however. 

From the deuterium content of the products at early time it follows 

that no other oleflns are important contributors to the rearrangement ofz 

to& but thatals an Intermediate 2/3 of the time for&-+ 5. 
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In answer to the initially posed question, then, one does not have to 

envisage any special role for the enzymes associated with the naturally 

occurring reaction other than an ability to hold the reacting system in a 

relatively non-basic environment. The biosynthesis of any particular carbon 

skeleton is then determined by the relative rates at which the members of 
15 

the set of rapidly interconverting carbonium ions are deprotonated. 
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