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Abstract-The pentacyclic ttiterpenoids, /I-amyrin acetate and tataxerone, are major components in the epicuticular 
wax of the genus Dudleyu. 

Heavily glaucous, non-glaucous and intermediately 
glaucous populations are found in many species of 
Dudleya Experimental crosses and field observations 
suggest that glaucescence is a polygenic trait [l]. The 
constituents of both non-glaucous and glaucous epi- 
cuticular waxes are investigated here to determine the 
chemical compounds possibly responsible for glauces- 
cence in Dudleyu. 

Single wax constituents have been shown to cause 
glauccscencc in a variety of plants. Glaucous peas have 
a C,, hydrocarbon as the major constituent 141, while a 
C 

ag 
alkane is the predominant component of glaucous 

ca bage [S]. Major fi-diketones cause glaucescence in 
Eucalyptus, [63, POU colinsoi [73, barley [S] and durum 
wheat [9-J. Recrystallization experiments and ultra- 
microscopical examination of the crystal structure of the 
epicuticular waxes is currently being performed to 
determine whether pentacyclic triterpenoids are res- 
ponsible for glaucescence in Dudleya. 

RESULTS AND DISCUSSION 

IR and TLC indicated that the epicuticular wax of the 
two Dudleya species examined here consisted of long 
chain alkanes, wax esters, primary alcohols and car- 
boxylic acids. The glaucous waxes gave a positive reac- 
tion to the Lieberman-Burchard test indicating the 
presence of triterpenoids. By MS, two pentacyclic triter- 
penoids, /3-amyrin acetate and taraxerone, were detected. 
Both of these compounds have been previously reported 
in plant waxes. /?-amyrin acetate by Horn and Lamber- 
ton [2] and taraxerone by Tulloch [3]. 

Chromatographic analysis of conspecific green and 
glaucous plants of many Dudley species indicates that 
the glaucous plants differ from one another in the 
dominance of one of the two triterpenoids, fl-amyrin 
acetate and taraxerone. The pattern of occurrence of 
these triterpenoids in glaucous species may be of 
systematic value in Dudleya [JO]. 

EXPERIMENTAL 

The approximate percent composition of the waxes of 
the green and glaucous forms of two Dudfeya species is 
listed in Table 1. These figures were determined by 
weighing fractions isolated by silicic acid column 
chromatography. It is of interest to note the dominance 
of triterpenoids in these conspecific forms. The D. 
brittonii glaucous wax is 40-45 72 /3-amyrin acetate while 
the non-glaucous form contains only trace amounts of 
this compound. Similarly, the D.farinosa glaucous wax 
is 3942% tacaxerone while the green form contains 
trace amounts of this triterpenoid. 

Plant material. Mature plants grown in a greenhouse in 
Claremont, California were analysed for their wax constituents. 
D. ~~~cf~n~i green and glaucous form were h-year-old plants 
grown from seed collected near Ihe type locality at La Misi6n. 
Northwestern Baja California del Norte, Mexico. The green 
and glaucous forms of D.farimxu were malure plants collected 
from population samples of Point Arena, Mendocino County, 
California. They were grown for 3 yr under the same conditions 
as the D. britronii plants. These plants represent the 4 major 
types of wax constituent patterns in the genus. 

Table 1. Approximate percent composition of components in 
waxes of the green and glaucous forms of D. faritwsa and 

D. brittanii 

Exfracfim. TLC showed that the qualitative composition of 
the wax was the same for both young and old leaves of a parti- 
cular apzcics, Thus, the older leaves closer to the base of the 
caudex were removed, leaving a rosette of younger leaves for 
plant survival. The surface wax was extracted by immersion 
and agitation of the leaves in Et,0 for 5-IOsec. To avoid 
contamination the cut ends of the leaves were not immersed. 
The soln was then vacuum liltered to remove dirt and on evapora- 
tion the surface lipid was obtained. 

D./arirwsa D. brittonii 

Components green glaucous green glaucous 

Alkanes 50 28 20 30 
Esters 21 II 35 9 
B-Amyria acetate tr tr tr W5 
Taraxerone tr 3942 tr tr 
Primary alcohols 6 4 8 2 
Carboxylic acids 10 IS 22 3 

tr = less than I”/,. 

1799 

fractionation The epicuticular wax (D. brirronii glau. 229 mg, 
D. hrirrnnii green 148 rng, D. jarinosa glau. 531 mg. D. farinosa 
green 178mg) was dissolved in Et,0 and dried into Silic 
AR-CC-4 100 mesh (Malinckrodt, St. Louis). The siIicAR and 
wax was then placed on a column of silicAR. The column was 
eluted with n-hexane (16Oml), C,H, (160ml), CHCl, (160 ml) 
and MeOH (20I)ml). Fractions(20 ml)werecollected and evapor- 
ated to dryness. 

Chromatography. TLC was carried out with commercial 
20 Y 20 cm plates (Kieselgel60 F-254) precoated with a 0.25 mm 
thick layer of Si gel G. C,H, and CHCI, were used as develop- 
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ing solvents. The wax constituents were detected by sprayIn 
wirh 5O”,, HLS04 and charring at 100” for 40 mitt. 

I,I&)~,,I,,,I Rurt.kard resr. Trltcrpcnolds turn red on the ad& 

tton of coned H,SO, followed by acetIc anhydride. 
MS were measured at 70eV through a direct mlet system. 

At low resnlution the source temp. w;ts 140”; for high resolution 
the source temp was 160’. with the trap at 300‘. 

IR were measured in KBr pellets (0.5 mp sample per 100 mg 

KBr). 
Alkonrs. The IR spectrum showed the absence of all oxygen- 

ated ahsorpGun bands. TLC gave R, =j 0.83 (C,fI,), K, = 0.74 
(CHCL,+). Thex values correspond to those reported for hydro- 
carbons in Tririrum uestirttm [43. 

&rsirrs. The IR spectrum gave a strong hand at 1 IS0 (C-0) 
and at 1725 (C=O)cm-‘. TLC indicated R, = 0.66 (C,II,). 
R, = 0.75 (CHCI,}. These figures correspond to those reported 
for such compounds in many plants 14, f I 131. 

Primury alr&ofs. 1R revealed one strong band at 1 IO0 {C-O) 
cm .‘. TLC gave H, =.0.07 (C,H,), R, = 0.15 it: HCI ,I These 
~&Es are also very slmliar 10 those reported 1.31 *ti,-h com- 
ponents in many plant waxes [4. I1 133. 

C&rzy.t.lie nrids. The TR spectrum showed a strong band at 
1720 (c‘==O) cm ’ and ? LC gave R, = 0 (C,.H, and CHCl,). 

These figures have been previously reported for fatty acids iso- 
lated from plant waxes [4. I l-131. 

/i-tztrryrin UCYIU~~. The IR spectrum gave very strong hands at 
1720 (C=O) and 1235 (acctate)cm -‘. UV: ;q:l”“‘“‘.‘“’ “m: 

2357. MS: nl’e 468. 257. 249. 218 (base peak), 204. 203. IXQ. 17s. 
1S~,1~7,133,119.1U9.94.Y3.81.79,69,6?,65,55,43.(mo~t1n~tnse 
peaks listed). Thts compound undergoes a retro Diels-Alder 
frngmentatlon which gives a characteristic ion m&* 218 [14]. 
This leaves a neutral fragment of 250 which is equal to 191 
(unsubslituted fragment) + - 59 (acetate). The MS figures cor- 
respond to those reported for this compound previously [13]. 
High resolution MS gave the empirical formula of C,,H,,OZ. 
PMR(99.8”,C’DCl,~)SO 7(X0.85,0.9. 1 1, 1.2.sat2.05(0(‘OCH3), 
nr at 4.3 4.65 (CHOAc), multiplets at 5.1 5.25 (C=CH-). 
These values are m accordam= with those reported earlier [ 151. 
TLC gave R = 0.32 (C,H,) and K 
*#as 231 -234$*. LB test: maroon re d 

= 0.48 ICHCI,) The mp 
. An authentic sample of 

this compound gave the same IR spectrum. N r values m both 

(‘,,Hh dnd CHCI,. and i,. The mmp was not’depretied 
firu.rerorte. The IR spectrum showed a strong wide carbonyl 

band itt 169s 17OOcmV’. UV ” ’ . . . . . 2357. MS: nl!e 
424,409, 300 (base peakl 285, . ‘. . 1 .*I% 204. 189, 149, 
133. 121. 119, 109, 107,95.93,91,67. 57.43. (most intense peaks 
listed) This compound undergoes :I retro Drels. Alder frag- 

mentation to furnish mic 300. High resolution MS indicated an 
empirical formula of C,,H,*O and revealed that the tn:0 300 
fragment was C2 H,,O,. ‘I‘hls corresponds to the postulated 
structure for this ragment. The MS was identrcal to that pub- t 
lished in ref. [lb]. PMR (99.X’!;, CDCI,,): 6 0.4. 0.75, 0.76. 0.85. 
0.92, 0.96. 1.06, 1.1. 1.2, 1.4. 1.6. m at 1.X 1.95. 2.40.?.S’i. .s at 
X5,4.9, nr at 5.5 -5.7. TLC gave R = 0.25 [C6,H,I and R, = 0.36 
(CHCI,). The mp was 240-246’. LB test. maroon red. An 
authentic sample of taraxerone gave the same IR spectrum. R, 
values in both solvents and i.*,,,, The mmp was not depressed. 

Acknow1edgrmunr.s --This work was supported by the Eghc?rt 
Schenck Faculty Research Fund and the Pomona College 
Faculty Research Fund. We wouid like to thank Dr. Djerassi 
for the gifts of /I-amyrin acetate and tamxcrone. U C.L.A. for 

MS and Sandra Knapp for JR. 

I. 

2. 

3. 
4. 

5. 

6. 

7. 

8. 
9. 

10. 

11. 
12. 
I?. 

14 

15. 

16. 

REFERENCE!+ 

Mulroy, T. W. (1976) Ph.D. Thcsrs, Univ of Cahfomia. 
Irvmc. Ca. 
Horn. D. l-l. S. and Lambcrlon. 1. A. (1964) Ausf. J. Chrm. 
17,477. 
~u~ioch, A. P. (1977) Lipids It 233. 
Macey. M. J. K. and Barber. H. N. (1972) P~r~r~(,~~,~zjsrr~ 

9, 5. 
Netting. A. G.. Macey. M. J. K. and Barber. H. N. (1972) 
Ph~r0ch~misrr.v 1 I. 579. 
Horn. D. H. S.. Kranz. 2. H. and Lamberton. J. A. (1964) 
Ausl. J. Chcm. 17. 464. 
Hall. D. hi.. Matus, A. I., Lambertnn. 3. A. and Barber. H. N. 
(1965) J. Binf. Sci. 18, 323. 
Weltstem-Knowles. P. (1972) Plllnrrl 106. 113. 
Barber. H. N. and Nettin& A. G. (19681 Ph~rr~ckumisfr~ 7. 
2089. 

Manhetm. B. S.. Hogness, D. K., Kerwm. J. L. and Mulroy, 
T. W. Biochenr Spr. Cal. (in press). 
Tulloch. A. P. (1973) Ph~rnckrmtsrr) It. 2217 
Purdy, S. J. and Truter. E. V. (1963) Proc. ROJ. SW. B., 158. 

Tulloch, A. P. and Wecnink. R. 0. (1969) Tan. J. Botarz,~ 
47, 3119. 
Buddkiewkz H.. Djerassi. C and Williams. D. H. (19crl) 
Srntcrurul Elucidarion of Hnru~~f Prrjducrs h,v ,MUS.S Sptwro- 

mern. Vol. 2. Holdcn-Day. Sao Francrsco. 
Itoh. T. H. R.. Tamura. T. and Mataumolo. T. i 1974) Lrptds 
9. 173. 
Djerassi, C.. Buddkiewic% H. and Wilson. J. M (19631 
rtttrrh&on Lettcvz No. 7. 263. 

BXOSYNTHETIC INTERMEDlATES IN THE CONVERSION OF 
FUCOSTEROL TO OOGONIOL 

RORL-‘RT H. WHITE and TRFVOR C MCMORRIS 

Department of Chemistry, University of California, San Diego, La Jolla, CA 92093, U.S,A. 

(Revised rcwiwd 3 1 Mnrch 1978) 
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Abstract -When Frown in the presence of [CD,]-methicrnine A&/W htfero.~exuali.r produces oogoniols containing 
Tao dcutcrtum UIOI~~ i~ hlch ;irt’ located at C’-2X and C-20. This is consihicnt w~lfi conversion of fucustcrol to a C-29 

aldehyde followed by reduction to the C-24 hydroxyl present in oogoniol. 
.- 

The o(>goniols (1) are a group of closely related steroids biosynthesisoftbesesteroidshas revealed that fucoslerol, 
which induce the formation of oogonia or female sex the major sterol present in A&l,-n, is an intermediate in 
organs in the water mould AMJO [I]. A study of the their biosynthesis [Zl. When added to :I culture of the 


