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In oitro Incorporation of 2H at the C-10 Methyl Group of Obtusifoliol during the 
Enzymatic Cleavage of the 9p,19p -Cyclopropane Ring of Cycloeucalenol 
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Istituto di Chimica Farmaceutica Applicata, Corso Raffaello 31, 10125 Torino, Italy) 

Summary Incubation of cycloeucalenol with microsomes 
of Zea mays embryos in D20 yields [19-2H]obtusifoliol. 

9p, 1 SIB-CYCLOPROPYL sterols, cycloartenol (1) , Zkmethylene 
cycloartanol (2), and cycloeucalenol (3) are considered to be 
intermediates in sterol biosynthesis in photosynthetic 
eukary0tes.l When germinating peas are grown in D,O, 
[ 1 9-2H]sitosterol is biosynthesized,2 suggesting that 2H 
incorporation occurs during 9p, 19p-cyclopropane ring open- 
ing of 9p, 19P-cyclopropyl sterols, an obligatory step in 
phytosterol biosynthesis. We have shown previously3 that 
opening of the cyclopropane ring occurs when (3) is incub- 
ated in the presence of higher plant microsomes giving 
obtusifoliol (4), another presumed intermediate in phyto- 
sterol bi0synthesis.l Under the same conditions (1) was 
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not converted into lanosterol (5 ) .  We report here evidence 
that the 2H incorporation a t  C-19 described earlier2 occurs 
during enzymic conversion of (3) into (4). 

Microsomes from maize embryos were prepared as 
described earlier.3 They were washed with D,O with phos- 
phate buffer (pH 8.3), containing mercaptoethanol (5 mM) 
and MgCl, (2 mM). After centrifugation (100,000 x g, 
60 min), the pellets were resuspended in the same medium 
and incubated (30 "C; 12 h) in the presence of cycloeucalenol 
(3) (150 p) emulsified with Tween 80 (0-10/, in the incuba- 
tion). Extraction of sterols and chromatography were per- 
formed as de~cr ibed .~  The 4g-methyl sterols were analysed 
by g.1.c.-mass spectroscopy as their Me3Si ethers. Under 
these conditions, the substrate (3) was unambiguously 
separated from the product (4) of the reaction and mass 
spectra were recorded. The average yield for the conver- 
sion of (3) into (4) was >70%. The mass spectra showed a 
66% incorporation of 2H in the molecular ion of the Me,Si 
ether of (4) (Table). No incorporation of 2H was detected 
in charged (3). The 2H label was retained in fragments4p5 
a, b, and c (Table), in agreement with the hypothesis of the 
location of 2H a t  C-19. 

TABLE 

Mass spectral determination of 2H incorporation in Me,Si ether 
of (4) and in fragments* (average of three experiments). 

m/e 498 483 393 309 227 215 
M+ fii'+-15 Ill+- a b C 

Si(Me),- 
OH-15 

2H incorporation" 
% 66 65 60 59 55 55 

a estimated from m / e  + 1 peaks; standard deviation A 2  %. 

16) R ' = H  R2=Me R 3 =  
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To prove this point, the n.m.r. (90 MHz) spectra of the 
mixture of (3) (30%) and (4) (70%) were recorded in the 
presence of increasing amounts (0.0-1.4 molar ratio) of the 
shift reagent Eu(fod),. At ca 1 : 1 molar ratio, the 4a- and 
1 O-methyl-resonances are strongly shifted downfield6 97 and 
clearly separated from other signals. Comparison of the 
spectra of pure (4) and of the deuteriated product shows a 
decrease in the height and a broadening of the 10-Me signal 
in the deuteriated product. The broadening is caused by 
differences in the chemical shifts for CH, and CH2D, and by 
the CH2D triplet.8 Moreover, integration indicated an 
incorporation of 0-6 f 0.1 of 2H, using the 4a-methyl- 
resonance of obtusifoliol as internal standard, thus confirm- 
ing that the 2H incorporation into (4) detected by mass 
spectroscopy occurs essentially a t  the 10-methyl-group. 
These results allow us to conclude that during transforma- 
tion of cycloeucalenol into obtusifoliol in D20, 2H is incorp- 
orated in the 10-methyl group, and suggest that this enzymic 
reaction could be considered as a biochemical step equivalent 
to an acid-catalysed cyclopropane ring opening reactiong in 
agreement with the mechanism previously proposed .4 

Cycloartenol (1) was incubated with microsomes from 
maize embryos in D20 (see above). As expected,, (1) was 
not converted into lanosterol (5) .  Moreover, recovered (1) 
had not incorporated 2H, as was also the case for unchanged 
(3). It has been suggested that the conversion of (3) into 
(4) involves an intermediate (6) in which the C-9 carbonium 
ion is stabilised (ionic pair or covalent bond) by a suitable 
enzymatic group; (4) is obtained v ia  a trans antiperiplanar 
elimination of 8P-H from (6). No incorporation of 2H was 
shown to occur into (3) during its conversion into (4); i t  
follows that the transformation of (3) into (6) proceeds 
without exchange of the 19-proton with protons from the 
medium and so this latter step could be considered to be 
irreversible. This interpretation, however, implies that 
the 10-methyl group in (6)  retained its free rotation. 
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