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Abstract-The addition of 25-azacycloartanol to the medium of suspension cultures of bramble cells resulted, after 6 
weeks of growth, in a large decrease in the percentage of C, ,, side-chain sterols, sitosterol and isofucosterol(83 % of the 
total in the control, 9 % in the treated cells), and in a spectacular increase in the percentage of C, side-chain sterols, 
cycloartenol, desmosterol and cholesterol (less than 1 7; in the control, 53 “/, in the treated cells). In addition the relative 
percentage of Cs side-chain sterols, mainly 24-methylene cholesterol increased significantly (from 16 to 37”;,). A 
secondary effect of 25-azacycloartanol consisted in an increase of the percentage of A*“ sterols and in a decrease of the 
percentage of sterols with a saturated side chain. These results are in agreement with an inhibition by 25- 
azacycloartanol of the C-24 and C-28 methyltransferases and of the AZ4 reductase. 

INTRODUCTION 

Higher plant sterols are generally a mixture of 24- 
alkylated sterols, 24-ethyl sterols generally accounting for 
more than 70 “/:, of the total sterols and 24-methyl sterols 
less than 30 % of the total [l 1. Sterols non-methylated at 
C-24 such as cholesterol are generally present in trace 
amounts. One can speculate at the ubiquitous presence of 
24-alkylated sterols in higher plants. As sterols are 
constituents of membranes [2] and especially of the 
plasma membranes [3], it may be expected that the 
presence of 24-ethyl sterols in plant plasma 
membranes [446] could be correlated to some specific 
feature of the lipid composition and organization of the 
plant membranes. In order to test the likelihood of this 
hypothesis we planned to modify the relative percentage 
of 24-desmethyl, 24-methyl and 24-ethyl sterols in plants 

Nomenclature: Cycloartenol = 4,4,14r-trimethyl-9[i,19- 
cycle-5a-cholest-24-en-3fi-ol (2); 24-methylenecycloartanol = 
4,4.-14cc-trimcthyl-9~~.l9-cyclo-5cc-ergost-24(28)-en-3/~-ol 13); 
cycle-eucalenol = 4a,l4r,l4r-dimethyl-9B,19-cyclo-5a-ergost- 
24(28)-en-3/I-o] (4); obtusifoliol = 4%,14x-dimethyl-5x-ergosta- 
8,24(28tdien-3/%ol (5); 31-norcycloartenol = 4x,l4wdimethyl- 
9/1’,19-cyclo-5r~-cholest-24-en-3fi-o1 (6); 31-norlanosterol = 4c(,- 
14a-dimethyl-5z-cholesta-8,24-dien-3/%ol (7); ZCmethylene- 
lophenol = 4a-methyl-5a-ergosta-7,24(28)-dien-3/Gol (8); 24- 
ethylidenelophenol = 4rx-methyl-5a-stigmasta-7 Z-24(28)-dien- 
3/&o](9); isofucosterol = stigmasta-5,Z-24(28)-dien-3/I-o] (10); 
sitosterol = (24R)-24-ethyl-cholest-S-en-3P-ol (II); 24-methyl- 
enecholesterol = ergosta-5,24(28)-dien-38-01 (12); camp- 
ester01 = (24R)-24-methyl-cholest-5-en-3~-ol (13); desmosterol 
= cholesta-5,24-dien-3P-ol (16); cholesterol = cholest-5-en-3[& 
01 (17); P-amyrin = olean-12-en-3fl-01; a-amyrin = urs-lZen- 
3,&o]; 25-azacycloartanol = NJV-dimethyl-24-amino-25,26,27- 
tris-nor-4,4,14x-trimethyl-9/1,19-cyclo-5~-cholestan-3~-ol (1). 

and to study the influence of this modification on the 
structure and function of membranes. Such a result was 
achieved by feeding plants with specific inhibitors ofthe S- 
adenosyl-L-methionine (SAM)-C-methyltransferases re- 
sponsible for the introduction of the two extra carbon 
atoms at position C-24 of higher plant sterol. These C- 
methyltransferases involved in plant sterol biosynthesis 
have been studied previously [7-91. Experiments have 
shown that some plant cell-free extracts when incubated 
in the presence of SAM-Me-14C were capable of 
introducing one methyl group at C-24 in various A** 
sterols [7-91. These studies have also established that 
cycloartenol was the preferred A24 substrate suggesting 
that in v&o C-24-methylation occurs mainly at the 
cycloartenol level [8-91. It has been found recently [9] 
that bramble cell free extracts can transfer a second 
methyl group to position C-28 of a suitable sterol 
possessing a methylene group at C-24. Of the substrates 
assayed, only 24-methylene lophenol was methylated, 
giving 24-ethylidene lophenol, a ubiquitous 4cr-mete1 
sterol of plants. This finding suggests that 24-methylene 
lophenol could be the target of C-28 methylation in ho. 
Analogous studies performed with yeast cell free extracts 
have shown that zymosterol was the preferred substrate 
for C-24-methylation in this material [lo]. Accordingly, 
Avruch et al. [ 111 have grown yeast cells in the presence of 
25-azadihydrozymosterol; this resulted in the accumula- 
tion ot’C, side-chain sterols such as cholesta-5.7,24-trien- 
3b-01 instead of ergosterol and showed that the drug 
inhibited strongly the SAM-zymosterol-C-24-methyl- 
transferase. As cycloartenol is the preferred substrate of 
the C-24 methyltransferase in higher plant cells, we have 
synthesized 25-azacycloartanol (I) and studied its action 
on a cell free extract from maize embryos containing a 
microsomal C-24 methyltransferase [9,12]. The results 
obtained in this in citro study indicated that 1 was a potent 
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inhibitor of the SAM-sterol-C-24 and C-28 methyl 
transferases [ 121. In the present paper we give results on 
the action of 1 on suspension cultures of bramble cells. 
The results show that the relative percentage of 24- 
desmcthyl. 24-methyl and 24-ethvl sterols is dram- 
matically changed following this treatment. 

REWLTS 

25-Azacycloartanol (1) was synthesized by a method 
derived from that used in the synthesis of 2S- 
azadihydrorymosterol [ 11 j. Cycloartenyl acetate was 
expoxidized giving 24<,25-epoxy-cycloartenyl acetate. 
This compound was treated with periodic acid in THF 
giving 25.26.27-tris-nor-cycloartan-24-oxo-3/i-yl acetate. 
This compound was condensed with dimethylamine 
hydrochloride. and the resulting immomum derivative 
was immediately reduced in situ with NsBH,CN giving 
2%azacycloartanyl (I)-acetate. mp 127Fl30. 
Identification of l-acetate was achieved by MS and ‘H 
NMR; the NMR spectrum showed most of the features 
characteristic for cycloartenyl acetate [I 31. in addition. 
the spectrum showed ;I six-proton resonance at ($2.323 
corresponding to the two methyls bound to the nitrogen 
atom and a two-proton resonance at 2.343 corresponding 
to the methylene bound to the nitrogen atom. The MW 
determined by MS (M ’ = 471) corresponded to the 
proposed structure. in addition specific patterns of 
fragmentation determined by the N atom were recognized 
(see details in the Experimental). 

Table I. Stcrols of control and 25-azacycloartanol-treated 

bramble cells 

Control Treated 

Cycloartenol (2) os* 36 
24-Methylenecqcloartanol (3) 0.15 0.8 

x,+x1 tr 7 
I- and /I-Amyrins 0.5 tr 
Cycloeucalenol (4) 0. 1 0.15 
Obtusifoliol (5) 0. I tr 
31-Norcycloartcnol (6) 0 0.1 
31-Norlanosterol (7) 0 0.1 
2~Methylenclophenol (8) 0. I 0.2 
24.Ethylidenelophenol (9) 0.1 0 
lsofilcosterol (IO) 12 5.5 
Sitosterol (I I) 70 7 
?4-Methylenecholesterol (12) 2 32 
Campesterol (13) !4 4 
Sr-Cholesta-7.24-dien-3/&ol (14) 0 0.15 
Sr-Cholest-7-en-ill-01 (15) 0 tr 
Desmosterol (16) 0 5 
Cholesterol (17) tr 4.5 
Stanolst tt 1.6 

Total sterols 3.4: 3.2: 

*As percentage of total sterol. 

f Sz-Cholestan-3/i-01: (?4r)-24-methyl-51-cholcstan-3/1-ol: 
(24~)-24-ethyl-Scr-cholestan-3/i-ol. 

:mg g dry wt. 

Stud compositiori of c~cl/.s growirlg on 75-(r;(I~,~~~lourrcrnol 

Bramble cells were grown in a medium supplemented 
with 1 (IO ” M 1. Six to S weeks were necessary for I- 
treated cells to reach the stationary phase (compared to 4 
weeks only for control cells). Higher concentrations of I 
were toxic and inhibited cell growth. The cells were 
harvested at the stationary phase and the sterols analyzed 
(Table 1 J. The stcrol compositions ofcontrol and l-treated 
cells are shown in Table 2. As shown in Table 1. the total 
amount of sterols was not significantly altered by 
treatment of the cells with I. but the concentration of 4- 
desmethyl sterols was much los,er in l-treated cells 
(1.7Smg,g dry wt) than in control cells (3.1 mg,g dry wt). 
Four main results can be pointed out: fi) the amount of 
c-10 side-chain sterols (~sofucostcrol and sitosterol) 
decreased dramatically in the treated cells (Table 2). 
Strikingly sitosterol. which is the major sterol in control 
cells (70”,,). represented no mar-c than 3”,, in treated cells 
(Table I ). (ii J Total Cyy side-chain sterols (cycloartenol. 
cholesterol, desmosterol, etc.) nhich were barely detect- 
able in control cells, became very abundant (53”,,) in 
treated cells (Table 2). Thus cycloartenol became the 
major sterol of treated cells; moreover 31 -norcycloartenol 
and 31-norlanosterol which were not present in control 
cells could be detected in the treated cells (Table 1). (iii) 
The concentration oft‘,, side-chain sterola when expressed 
as a percentage of total sterols doubled (from I6 to 37 “,,) 
but when expressed a5 ;I percentage of4-desmethyl sterols 
increased strongly (from I6 to 66”,,). For example, 24- 
methylenc cholesterol accumulated and became largely 
the major- 4-dL‘smethylster-c71 in I-treated cell5 (Table I ). 
(iv) The relatikr percentage of A’““” plus Az’c’sl sterols 
(Table 2) increased strong,ly III I-treated cells as shown by 
the major important Increase of the amounts of 
desmosterol, 24-methylenecholesterol and cycloartenol 
and the decrease of the amounts ofsterols with a saturated 
side chain (sitosterol. campesterol. etc.) (Table I ). 

The results presented above corresponded to the 
average of three analyses. In one particular experiment, 
we observed even more drastic changes than those 
reported here. Thus, in these treated cells the cycloartenol 
amounted to more than 50”,, of the total sterols and 
desmostcrol became the major 4-desmethyl sterol (17 I’,,) 

Table 2. Sterol features occurring in control and 75-azacyclo- 

ortarwl-treated bramble cells 

C‘ontrol Treated 

Total* C, side-chain stcrols 0.5? 53P 
Total C, side-cham sterols I6 37 
Total C,,, side-cham sterols 53 9 
Total A=‘Ji’_ + A2J’%stcr& I5 86 

4-Desmethyl C, side-chain stcrola tr IO (IX):: 
4-Desmethyl C, side-chain sterols I6 (16): 36 166) 
4-Desmethyl c‘,,, side-chain stcrolb R2 IX’1 i x.5 (15) 
4_Desmcthyl ,\r*lzii_ r 1X?“‘_ 

sterolh I4 (141 42.5 (791 

* 4-Desmethyl-, 4r-methyl- and 4.4-dimeth~l-sterols. 
t As I’,/ of total sterolc. 
Y;As (‘,, of 4-dehmcthql stcrols. 
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whereas sitosterol and isofucosterol were barely detect- 
able. Interestingly the growth of this culture was 
extremely slow. 

DISCUSSION 

The results reported in this paper clearly show that 
bramble cells cultivated in the presence of 1 accumulated 
sterols with unalkylated lateral chain (cholesterol, 
desmosterol, cycloartenol, etc.) while the concentration of 
sterols bearing two additional C atoms at C-24 (C, 9 side- 
chain sterols: isofucosterol plus sitosterol) was strongly 
depressed. The fact that upon feeding bramble cells with 1, 
cycloartenol and the other C, side-chain sterols 
(cholesterol, desmosterol, 31-norcycloartenol, 31-norlan- 
osterol) accumulated, strongly suggest that 1 inhibited the 
SAM-cycloartenol-C-24-methyl transferase. The dra- 
matic accumulation ofcycloartenol could mean that it is a 
much poorer substrate for the 31-methyl demethylase 

than 24-methylenecycloartanol. The important accumu- 
lation of 24-methylenecholesterol and the very low 
amounts of C,, side-chain sterols (sitosterol and 
isofucosterol) suggest that the second SAM-C-28- 
methyltransferase is also inhibited by 1. Although 24- 
methylenelophenol has been shown to be the actual 
substrate for this enzyme [9], 24-methylenelophenol did 
not accumulate. This would mean that 24-methylene- 
lophenol is used as efficiently as 24-ethylidenelophenol by 
enzymes (4sc-methyl-demethylase, etc.) transforming 
them into A5-sterols (mostly 24-methylenecholesterol in 
the present case). The accumulation of cycloartenol and 
the absence of accumulation of 24-methylenelophenol 
would be in agreement with the fact that a pathway 
leading to 24-methyl sterols normally exists in higher 
plant cells whereas a route leading to 24-desmethyl sterols 
is almost non existent. The biosynthetic relationships of 
the sterols isolated from treated and control cells are 
shown in Scheme I. In this scheme three routes leading to 
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C, side-chain (route a), C, side-chain (route h). and C,,, 
side-chain sterols (route c) are represented. In control cells 
route LI which is potentially present since traces of 
cholesterol are detectable, is of minor importance. Of 
routes h and (~ leading respectively to 24-methyl and 24- 
ethyl sterols, route c is the major one. In treated cells. 
route (1 now becomes an important pathway (presence of 
31-norcycloartenol, 31-norlanosterol. accumulation of 
cholesterol and desmosterol) whereas the biosynthetic 
flow going through routes h and c is strongly modified, 
route h being now the favored one. 

We have recently shown [I2 J that SAM-cycloartenol- 
C-24-methyltransferase and SAM-24-methylene- 
lophenol-C-Xmethyltransferase are strongly inhibited 
by 1 in cifro. This inhibition was quite specific since 1 
failed to inhibit significantly other enzymes involved in 
plant sterol biosynthesis such as 2,3-epoxysqualene- 
cycloartenol cyclase [ 14 ] and cyclocucalcnol obtusi- 
folio1 isomerase [l5]. Thus the results obtained in the 
present study confirm that the two methyltransferases are 
also the target of 1 in rim The molecular basis of the 
inhibitors of the two C-methyltransferases has been 
discussed previously [12]. We have suggested that the 
nrotonated form of 1 presents electronic similarities with a 
putative high-energy intermcdlate occurring in the 
methylation reaction. This latter intermediate would 
possess a carbonium ion at C-25 resulting from the attack 
of the side chain double bond of cycloartenol on the 
methyl group of SAM. The theoretical developments 
concerning properties of molecules that structurally and 
electronically resemble chemical activated intermediates 
in catalytis [ 161 could be imoked to explain the strong 
inhibitory action of 1 for the C-24 methyltransferases. 
Another interpretation has been proposed earlier [ 171 in 
the case of the inhibition of C-24 methyltransferases by 
triparanol. a molecule containing a dicthylaminoethoxy 
side chain resembling to the side chain of sterols. 
According to these authors the lone electron pair of the 
nitrogen atom. would play the same role as the J[ electrons 
of the A’5-substrate [17. 181 through binding to the 
sulfonium part of SAM. Such an interpretation could also 
apply to the inhibition of C-24 methyltransfcrase by 2% 
azacycloartanol, although the nitrogen atom of 1 is 
essentially protonated at the optimal pH (7.4) of the 
methyltransfcrascs [Benvcniste, P., unpublished results]. 

The second efl’cct of 1 appears to be an inhibition of the 
Az3-rcduct,lsey Gnce AzJcri’ ‘ L . -sterols (cycloartenol, de- 
smosterol) or A “““‘-sterols (24-mcthylcnccholcsterol) 
were found to accumulate strongly (Table 2). The 
mechanism of the reduction of A’““‘‘-sterols is not still 
fully understood. It is generally postulated that A24”xi- 
sterols icomerize into A’“““-sterols. then the A2”zi) . . 
bond could be reduced by a reaction involving a ~YLOIS- 
antiperiplanar addition of H _ (from the medium) and H 
from NADPH [l 1. The resemblance of this reaction with 
the C-mcthylation has been emphasired [I 7 ]. Both 
reactions involve first the addition of an electrophilic 
component (H ’ or Me- ) leading to the formation of a 
carbonium ion at C-25. This latter would then react 
with an H ion provided by NADPtI in the case of the A” 
reductase OI- with a suitable nucleophilic group of the 
enzyme in the case of the C-24 methyltransferase [i 1. 
Thus the protonated form of 1 would present similarities 
not only with the C-25 carbonium ion involved during the 
C-21 methylation step but also \hith the C-75 carbonium 
ion involved during the postulated LI’+‘~” reduction step 

and these considerations explain why 1 behaves also as a 
good inhibitor of the A”-reduction of A”-sterols. 

Finally the results presented here show clearly that it is 
possible to modify the extent ofalkylation of the sterols in 
bramble cells grown irf rifro. Since these cells can be grown 
permanently in the prescncc of 1, it will bc possible to 
study the influence of the disappearance of C, (, side-chain 
sterols and the accumulation of C, side-chain sterols on 
the structure and function of their plasma membranes. 

Moat of the technqucs used 11, the present \\c>rh hi~\.~’ been 
described in detail previous11 [ 19:. The RR,> (OV-I 7. cholesrcrol. 
RR, 1.0) on GLC Ibl- the acetate\ of the J-dcsmcrhyl sterols 
lsolatcd in this study were: sitosterql (1 I )-acctatc, 2.05: 
Isofucosteryl (10)~acetate, 2.24: campcstcr\I (13)~acetate. 1.67: 

24.methylenecholesteryl (12)acctatc. 1.73: cholrsteryl (17)- 

acetate. 1.29; desmosteryl (16)~acctatc. 1.57: 5x-cholestn-7.24- 
dien-3/&y] (14)~acetate. 1.80: 5r-cholcst-7-en-i/i-q] IlSkacelate. 

1.52. The RR,s (SE-N. cholestcroi. RR, 1.0) on GL(‘ for the 
acetates of the 4x-methyl srerols and of the 4.4-dlrnetll~lstcrols 

isolated in this study were: 74-mcth)lenelophen\;I I~J-acetate. 
2.0X: 31-norlanosteryl (7)~acetate. 1.66: 31.norcycloal-tenql (6)- 
acetate. 1.87; cycloeucalcnyl (4).acetate. 2.15: obtusifolijl (Sk 

acetate. 1.88: 23.met~~ylenecyclo;lrlwngl (3).acetate. 2.52: cyc- 

loartenyl (2).acetate, _._ ’ ?I : X,-acetate. 37: x7.-acetate. _._ ’ -w. The 
RR+ (OV-I 7. cholcstcrol. RR, 1.01 on GL<‘ -~oI- the :tcctatc\ cof 
pentacjclic triterpcncs prewnr 111 bramble cells \\rre: 2.am>rin 

acetate. 2.37; /l-am)r~n iwctiite. Z.10. 

Plant wr~~riul. Suspension cultui-cs of hr;uniblc cclk wrc 
grown under continuous white light at 75 on a q nthetw hterlle 

medium ah described pre\iouhl> [Y]. ‘j-,~/;lcycloartaliol 

(0.5 mg,l.) was added in ~oln in FtOH to the culture rncd~um. The 
drug was stcrilircd before use by liltration through rt Mtll~pore 
(0.45 pm) tiltcr. 

Aw/yric,tr/ pww~lrrw. The isolation of 4.4.dunet hq I-. 4,. 
methyl- and 4-dcsmcthylsterql acetate> has hecn descrlhrd 
praiously [Y]. Each of three classc~ of acetates nab anal~scd b) 

GLC, and the total amount of hterol!, present in each clash M~S 
quantified. .Analytical argentation TLC‘. 1n which qclo- 
hexane toluene (3:2) was the de\claping hol\enl and migwtlon 
wa:, for 15 hr. was performcd on each class of stcryl ncctare and 

the bands obtained were analyscd b! GLC. Thcrc wcri 3 bands 01 
4,4-dimcthylatcryl acetate5 in the cas of both control bramhlc 
ccII\ and treated cell\. corl-e\pvndlng ITI Or&r 01 dccrc:a9n~ 

polarity to 2~-~nethqlenecycloart~~~~~l (3)~accrarc. qcloarren)l 
(2)-acetate and a mixture of 3- and /I-am) rin acctate\. In the case 
of treated cells, there ~\a$ one additional h;md at a R, 
intermediate between K,b of 2 and 3-acctatcs This band 
contained the acetates of two tctl-aqchc tl-itcrpcncs X, and 

XL [lo]. There were 3 hands of Jr-mcth>l stcrll rlcel:ltcs from 
control bramble cells. corresponding in order of dccrcasrng 
polarity to ~4-methylenelophcn)I (8)~acetate. a mi\lure 01 

cycloeucalenyl (4kacetate and ohtusifoliyl (Skacctatc. and Z-1. 
cthylidcnelophcnql (Y)-acctatc: and there wcrc 3 hands ;Ao for I- 
trealed cells. the first 7 handa at tllc \ilillc’ K, 5 :,?1 111 rhr control 

cells. the third at an R, \Ilghtl) higher than the R, ofthc ICQ polar 

band from the control cells. The lirbt two bandr cont;uned 
respectively S-acetate and a mlhturs of-& anti 5-xctatc. the third 
hand did not contam 9-acctatc but ;I mixture of .;I- 
norcycloartenyl (6 )-acetate and of 3 I -nol-lanostcrq I (7 )-awlate. 
There were 3 bands of 4-dcsmeth~ I hterll acetates from control 
hralnhlecells,corrcsponding~n ~lrdct-nfclecrcasln@poiar114 10 24. 
mcthylcnecholestcrql (12).acetate, ~wfucostql (IO)-acetate. and 
a miwturc of campcstcr>I (13). and Gto’;ter\I (I I )-acetates. From 
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l-treated cells there were also 3 bands. The first band was by far 
the major one and contained mostly 12-acetate; the second, a 
mixture of lo-acetate, of desmosteryl (16)-acetate and of 5r- 
cholesta-7,-24-dien-3.&y] (14)-acetate; the third, a mixture of 
cholesteryl (17)-acetate, of 5a-cholest-7-en-3b-yl (lS)-acetate, of 
campesteryl (13)-acetate and of sitosteryl (II)-acetates. 14- 
acetate could be separated from IO-acetate and 16-acetate by 
argentation TLC using commercial unwashed CHCI, as the 
developing solvent. 15-acetate could be separated from 13-, I I-, 
and 17-acetates by argentation TLC using free EtOH-CHCI, as 
the developing solvent. All the sterols isolated from l-treated cells 
were identified by comparing their RR, on GLC. their MS and ‘H 
NMR spectra with those of authentic samples (in the case of 2-, 3-, 
4-, S-, 6-, 7-. S-. IO-, ll-, 12-, 13-acetates) or with those reported 
in ref. [Zl ] (15-, 16-, 17-acetates) and in ref. [22] (14-acetate). 

Chemicul synthrsis of 25-uzcccycloartunol (1). 24<,25-Epory- 
cyc’loartenyl (18)-acetate. Cycloartenyl (2)-acetate (5OOmg) was 
treated by p-nitroperbenzoic acid in the usual way [23]. After 
crystallization ll-acetate (435 mg) was obtained mp 141-143 , 
lit. [24] 143.5-144 
25.26,27-Tri.s-nor-c~~~~loorrrrn-24-n.\-o-3/~-!~1 I1 9)-uuvufe. f 18)- 
acetate (340mg) dissolved in dry Et,0 (100ml) was treated with 
dry H,IO, (220mg) in soln in THF (ISml) for 5 hr at room 
temp. The reaction was stopped by addition of a lo”, soln of 
Na,S,O, in H,O. After extraction the reaction products were 
submitted to TLC using CH,Cl, as developing solvent, and a 
mixture oftwo products (2/3, l/3), respectively 19-acetate and 24- 
oxo-cycloartan-3/&yl(20)-acetate, was recovered. 19-Acetate was 
separated from 20-acetate by continuous TLC using CH,Cl, as 
developing solvent. 19-acetate: 97”;, pure (GLC, SE-30), mp 
167 170”,lit. [25] 155-157”: MStme(rel,int.):442 (M+)(3),427 
(7). 382 (78), 367 (100). 339 (43), 297 (52), 260 (40). 20-Acetate: 
MS:484(M+)(5),469(3),424(100),409(93),302(24),297(75). 
N.N-L)it~lrfh~l-24-unlirlo-25.26.27-t~;s-~~~)r-~!~~l~~urf~~~~-3/~-~/ 
(I)-~cerc~rt. ‘The mixture of 19- and .X&acetates dissolved in 
MeOH, THF (2:l) was treated with (Me),NH, HCI (180mg). 
pH was adjusted to about 7, then NaBH, CN (24mg) was added. 
The reaction was performed for 24 hr at room temp. and under 
stirring. After extraction with Et,O, the products of the reaction 
were submitted to TLC using CHCI,-MeOH-NH,OH 
( 175 : 25 : 0.6) as developing solvent. Four bands were observed, 
the band corresponding to the less polar compound had the same 
R, as the starting product and corresponded to unreacted 20- 
acetate, this band was not present when pure 19-acetate was used 
as substrate ofthe reaction. The major band (I?, 0.28) was shown 
to contam l-acetate (65mg). l-Acetate: 98”,, pure (GLC, SE- 
30 1 ‘:,,), mp 127-130 (from Me&IO). MS m/e (rel. int.): 471 
(M+)(lOO),456(35),428(6),411 (31),396(7),366(14).‘HNMR 
(in CDCI,): d 0.342 (IH, d, J =4Hz, C-19), 0.571 (IH, d, 
J = 4Hz, C-19), 0.846 (3H. s, C-30),0.878 (3H, d, J = 4.5Hz. C- 
21), 0.887 (6H, s, C-18, C-32), 0.957 (3H, s, C-31), 2.056 (3H, s. 
OAc), 2.323 (6H, s, C-26, -27), 2.343 (ZH, r, J = 8 Hz, C-24), 4.563 
(1 H, dd C-3ctH). 

Authrnric materials. Cycloartenol(2) was the kind gift of Dr. A. 
S. Narula (Canberra, Australia). Cycloeucalenol (4) was 
extracted from tallow wood (Eucu/yptus microcor)s). Obtusifoliol 
(5) was kindly supplied by Professor Gonzales-Gonzales 
(Tenerife, Las Canarias, Spain). 31-Norlanosterol (7) was a gift 
from Professor Goutarel (Gif sur Yvette, France). 3t- 

Norcycloartenol(6) was supplied by Dr. L. N. Standifer (Tucson, 
U.S.A.). Desmosterol (16) was supplied by Dr. Lu Bang 
(Strasbourg, France). 24-Methylenecycloartanol (3) was a gift 
frofn Dr. ltoh (Tokyo, Japan). 

Acknowledgemenrs-We warmly thank Dr. Francis Schuber for 
discussion and for suggesting that 25-azacycloartanol mimics a 
high-energy intermediate in the methylation reaction. We thank 
Mr. Roland Graff (Institut de Chimie, Strasbourg) for ‘H NMR 
spectra. and Dr. Francoise Scheid for CC-MS measurements. 
The investigation was supported by grant 79-7-0784 from the 
Dk&ation G&&ale h la Recherche Scientifique et Technique. 

1. 

2. 
3. 

4. 

6 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 
16. 
17. 

18. 

19. 

20. 

21. 
22. 

23. 
24. 
25. 

REFERENCES 

Nes, W. R. (1977) in Atl~~ncra in Lipid Rcseurch, Vol. 15, p. 
233. Academic Press, New York. 
Nes, W. R. (1974) Lipitls 9, 596. 
Co1beau.A.. Nachbaur, J. and Vignais, P. M. (1971) Biochim. 
Biophys. Acts 249, 462. 
Hardin, J. W., Cherry. J. H., Morre, D. J. and Lembi, C. A. 
(1972) Proc. Natl. Acud. Sci. U.S.A. 69, 3146. 
Hodges, T. K.. Leonard, R. T., Van der Woude, W. J.. 
Linkins, A. E. and Lewis, L. N. (1976) P/am Ph~siol. 58,324. 
Hartmann-Bouillon, M. A. and Benveniste, P. (1978) 
PhgtochemistrJ 17, 1037. 
Russell, P. T., Van Aller, R. T. and Nes, W. R. (1967) J. Bid. 
Chem. 242, 5802. 
Wojiechowski, Z. A., Goad, L. J. and Goodwin, T. W. (1973) 
Bio&m. J. 136, 405. 
Fonteneau, P., Hartmann-Bouillon. M. A. and Benveniste, 
P. (1977) Plum Sci. Lrtters 10, 147. 
Moore, J. T., Jr. and Gaylor, J. L. (1969) J. Bid. Chrm. 244, 
6334. 
Avruch, L., Fischer, S., Pierce, H. D., Jr. and Oehlschlager, A. 
C. (1976) Call. J. Biochrm. 54, 657. 
Rahier, A., Narula, A. S., Benveniste. P. and Schmitt, P. 
(1980) Biochem. BiophJs. Res. Commun. 92, 20. 
Iavarone, C., Piancatelli, G.. Mincione, E. and Nicita, G. 
(1970) GUX. Chim. Ital. 100, X88. 
Rees, H. H.. Goad. L. J. and Goodwin, T. W. (1968) 
Tetrcrhrdron Letters 723. 
Heintz, R. and Benveniste, P. (1974)5. Biol. Chrm. 249,4267. 
Wolfenden, R. (1976) Annu. Rec. Biophys. 5, 271. 
Malhotra. M. C. and Nes, W. R. (1971) J. Biol. Chrm. 246, 
4934. 
Blohm,T. R., Stevens, V. L.. Kariya,T. and Alig, H. N. (1970) 
Biochem. Phurmucol. 19, 2231. 
Schmitt, P. and Benveniste, P. (1979) Phytochemisrry 18, 
445. 
Schmitt, P., Scheid, F. and Benveniste, P. (1980) 
Phytochemisrty 19, 525. 
Galli, G. and Maroni, S. (1967) Steroids 10, 189. 
Parks, L. W., Anding, C. and Ourisson, G. (1974) Eur. J. 
Biochrm. 43, 45 1.525. 
Ponsinet, G. and Ourisson, G. (1968) Phytochemistty 7.757. 
Ponsinet, G. and Ourisson, G. (1965) Phytochemisrry 4,799. 
Henry,J.A.. Irvine, D.S.and Spring. F.S. (1955)5. Cllrm. Sot. 
1607. 


