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BIOSYNTHESIS OF HOLARRHENA ALKALOIDS FROM 

PREGNENOLONE AND PROGESTERONE 
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INTRODUCTION 

lMANyAfricanandAsiangeneraoftheApocynaceae contain alkaloids -related 
to the pregnane series of steroids. Several ofthese alkaloids have recently become important 
as starting materials for the synthesis of steroid hormones.1 The leaves of HolarrheM 
jporibMda contain the three related alkaloids holaphyllamine I, holaphylline II, and holamine 
III, which are 3/&unino-, 3/3-methylamino-, and 3a-amino-~l~-pregnen-2O-one, m 
tivel~.~*~ Ifcompoundsofthistypeareformcd,ashasbaensuggested4byttansaminationof 
a ketone, the precursor should be d4-pregnene-3, ae (progesterone IV), which has 
recently been found in this plant.4 We have found, however, that at least two of these 
alkaloids arc biosynthesized not from progesterone but from pregnenolone V, which is 
known to be the direct precumor of progesterone in animals.s 

RESULTS 

Progcsteronc414e was administmed tlmc timfzs a week for three weeks to the leaves of a 
HoZurrhenafiribu& plant, by the technique previously described.6 The alkaloid fraction 
obtained by extra&ion of the leaves conta&d 23 per cent of the radioactivity originally 
administered (Table 1). However, thin-layer chromatography (TLC) of this fraction revealed 
that no radioactivity was associated with the three known alkaloids, although holaphylline 
and holaphyllamine were present in considerable quantity (Figs. 1 and 2). Figure 1 shows 
that an unknown, much less polar alkaloid contained most of the radioactivity. The amount 
of this material was comparable to that of holaphylline and holaphyllamine. The radioactive 
peak corresponding to holaphylline in Fig. 1 was separated from the latter after acctylation 
(Fis. 2). 

*AlabatoqofhWestsrnU~tion-and Diwc@mntDivision,Agricultural~ 
Service,u.S.DcpartmartofAgricalture. WorlcconductcdunBera~peradva agmmentwiththcCalifonda 
In&it&e OfTedmolcgy. 
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TABLE 1. RNXOKTMTY OFFRAtXiON!SFROblLUVPSlREATEDWITHBADIOACllVBSlZND!4 

A Acidicandmutmlgl~ 33 49.2 
: Baaicglyc&d!r.s Neutral 77 2 319 41 

D Basic so-7 
Total 1146 135 

22 31 22.3 8 

11 37 2 d3 - 5: 
23 7: 24-9 9 
61 199 71 

A second plant was then treated with pregne~~l&~% in the same manner. Although 
the i?lCO~llltiOll illtO the dkflhid fkCtiOll Wa.3 lOW= iIl this Cast 8 PCS cent), the tW0 kIlOWll 

alkal0id8 present in quantity were radioactive, and the third, holaminc, was probably also 
labelled (Fig. 3). The holaphylline and holaphyllamim were isolated by preparative TLC 



no. 1. Rmmc IBUMAWRAM OF BASIC -CT OF Ii0 LAXRHENA LEAVES TREATED WkTH 

PRwmoNE4-1% 

Origin is at right, solvent front at left. Standards am: A, holamb; B, holaphy&wnine; C, ho& 
phyllii. An a&&in% S&a Gel G plate was developed twice with ~~~:2-p~o~: 
methanoil5:3:2)and~at0*75in.lhr,usingatimsoonetantofl00secaadaslitwidthof 

3mm. ~c~~~wassprayed~~5o~suifuricacidaM1~onshotp~~. 
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Fro. 2. ktDIGCHROMA-TGGRAM OF ZONE CGRRWPONDING To HOL.APHYLLINE, ISOLATED BY PREPARATIVE 
TLC (SEE FIG. I), AETER ACETYLATION. 

Origin is at right, solvent front at left. Standards arc both N-acetylholaphylline. Holaphyllinc 
remains at the ori& in this system. A Silica CM 0 plate was developed twice with di&lorom&ane : 
acetone (9:l) and scanned at O-75 in&r, using a time constant of 100 set and a slit width of 3 mm. 
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and acetylated. TLC showed that the former also contained a more polar radioa&ve 
material, appareutly the same as that obtained in the progesterone experiment (Fig. 2). The 
radioactive N-acetylholaphylline and N-acetylholaphyllamine were each purEed by prepara- 
tive TLC. Au aliquot of the N-~~o~phy~e fraction was epoxidixed with pnitro- 
perbenxoic acid. A ~~~~to~~ of the product (F& 4) showed two radioactive peaks 
which coTrespondcl(i both in mobility and approximate proportion to the two epoxides 
formed from autheutic N-acetylholaphyhine. Similar results were obtained upon epoxidation 
of the N-acetylholaphyllamine fraction. 

The two acetylated alkaloid fractions were each diluted with autheutic carrier material. 
The specific activities of these samples were not changed by recrystahization from three 
di%rent solvents (Table 2). 

The radioactivity of the neutral fraction of the pregnenolone-treated leaves was almost 
entirely accounted for by unchanged pregnenolo~ although TLC indicated some conversion 
to progesterone. F&am&&m of the neutral fraction from the progesterone experiment, on 
the other hand, revealed that the latter had been extensively metabolized, largely to more 
polar material. investigations into the nature of these products are now in progress. 

DISCUSSION 

From Fig. 1 it appears that five di&rent&aloids, all unknown, are formed from pro- 
gesterone, while Fii 3 indicates that preguenolone is a prefzursor ofthese same five compounds 
and in addition the three known alkaloids. However, based on the relative incorporation of 
radioactivity iu the two experiments, progesterone is probably a more direct precursor of the 
unknown alkaloids than is pregnenolone. This suggests that they are biosynthe&ed from 
pregnenolone via progesterone, The fact that the neutral fraction from the pregnenolone- 
treated leaves apparently contained radioactive progesterone is evidence in favor of this view. 

The identity of the precursor which is aminated to form the known alkaloids is ofcon- 
sidemble interest, since it is obviously not progesterone. ~~0~~ amiue ~~~~~ often 
o===bytr ansam&ation of a ketone, in this instance pregnenolone appears to be directly 
converted to holaphyhamine. This would involve the replacement of a hydroxyl by an amino 
group, a ma&ion which is analogous to the amination of sugars and hydroxypurines by 
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ammonia or the amide group of glutamine. 7 AnalterMtepossibilitycoukIbethetrans- 
amination ofds -pmgnene3,2o-diolle, whichmightbethepmcumor bothoftbealkaloidsand 
progesterone. However3 d5-3-ketones are easily isomerized to the more stable d*-form and, 
to our knowledge, have never been found in nature. 

The~~d~ov~of~~~ein~efeavesshowsthatitis~~~aaaprawrsor 
of other compounds, whose identity and biological ~~ are as yet uuknown. The 
pos&ility that progesterone itself has a physiological function in the phmt also cunnot be 
eXC1Uded.s 

Methods 
EXPERIMENTAL 

Thin-layer chromatograpbic teclmiques were as described in previous papers,s*s except 
that alkaline Silica Gel G plates, made by substituting 01 N NaOH for water, were used for 
chromatography of trrte alkaloids. All solvent systems were saturated with water.6 For 
repeated or contimsous ~lo~ent and for preparative T.UI an ~0~~~ 2,6-d&t-butyl- 
p-cresol, was added in 0-002 per cent concentration to the &vent ~s.l” 

Melting points were taken on a Kofter block and are corrected. 
Aliquots of radioactive samples were counted on plauchets at infIn& th&mess (except for 

material diluted with carrier) under a gas flow detector (see Table 2, legend, for details). 

iWateriaIs 

R0~~~4Candpregnenolona_4-~“C,bothhavingaspacil6x:~~~of45~8~~, 
were purchased from New England Nuclear Corporation. H&rrrAsnajilorUnmrkr plants were 
obtained from the Los Angeles County and State Arboretum, Arcadia, Cal%ornia, through 
the courtesy of Dr. W. S. StewarL Samples ~au~c ~~~y~, ho~y~~ and 
l&amine were gemzou@ supplied by Dr. Robert Goutarel, C.N.R.S., YO-YO 
FE-UlCe. 

Progesterone4”4c (2-2 x 105 counts/mm) or pregneMone-V% (2.8 x 105 couuts/miu) 
in acetone solution was applied to several leaves of a plant approxmmtely 15 cm tall and 
growing in soil. The leaves were then sprayed with a petroleum ether solution of Silicone 
DC200 (Chromatosprafl. A total of ten such treatments were given, three times a week. 

~~a~~n ~~~~t~~~t~ of lkam 

Threedays~rtheIast~~~thel~~wtreremovtd,~~ia~d~~~d 
lyopbilized. The dried leaves, weighing 06 g were homogenized in a tissue grinder with 
Teflon pestle, u&g 40 ml of water and enough 2 N NaOH to keep the pH above 9. The 
solution was separated by centrifugation and the residue was r-e-extracted with four lo-ml 
portions of water. The aqueous solutions were combined, diluted with 50 ml of water, and 
extmcmd with three 8@ml portions of Une. Each extract was passed through 
two 2@nll portions of water; these were finally exuzted with 10 Id of dichloro~, 

•~~~~.,~~~~~~ 

*E. N Ama Rap. PwJswt?L l4 225 (1963). 
*RD.BIINElglTandB. l3hmNlQ, pfp#e. A, 577 (1965). 

‘~J.J.WRBN~~A.D.~SZCZEP w J. (Z%romntog. 14,405 (EM). 



which was combined with the other dichloromethane extracts and evaporated_ Thisextract 
was~ledwithanextnrccobtsinddbyba~~eleafresidwwith~~aretonefor3hr 
(basioneutral fraction). 

The aqueous solutions from above were combined with the leaf residue., made 3 N by 
addition of cont. DC& overlaid with 100 ml of benxene, and refluxed for 3 hr. The benxcne 
layer was separated and the aqueous layer extm&ed with two IO04 portions of dichloro- 
methane. Each organic layer was passed tbrough 25 ml of water, which was back-extracted 
with 10 ml of dichloromethane. The organic layers were combined and evaporated (Fraction 
A, Table 1). 

The aqueous layer from above was combined with the water washes, made basic with 
KOH, and extracted with two lOO-ml portions of dichloromethane. Each extract was 
passed through 50 ml of water, which was back-extracted with 20 ml of dicbloromcthane. 
The organic extmcts were combined and evaporated (Fraction B, Table 1). 

The basic-neutral fraction described earlier was taken up in 250 ml of benxene and 
extractadwithtwo~~portionsof~5N~~~d25mlofwater. ~hex~~~ 
through25mlof~ne,whidh~later~~~withthebenzenesolntionandevaporated 
(Fraction C, Table 1). 

The aqueous extracts were made basic witb KOH and extracted with two 5&ml portions 
of dichlorometbam% Each extract was passed through 25 ml of water, which was back- 
extracted with 10 ml of dichloromethane. The dichloromethane extracts were combined and 
evaporated, and the residue was taken up in 50 ml of benzene. This solation was extracted 
with two 254 portions of 05 N HCl and one l&ml portion of water. Each extract was 
passed through 10 ml of benxene; then they were combined, made basic with KOH, and 
extra&d with two 254 portions of ~c~ororn~~. Each extract was passed through 
10 ml of water, which was back-extracted with 5 ml of ~ororn~~. The extracts were 
comb&d and evaporated (Fraction D, Table 1). 

IsolaMl @Alkalokfs 
TLC of an ahquot of Fraction D from the progesterone&Wed leaves showed the 

presence of two major radioactive componen& one of which qded to holaphylhne 
(Fii. 1). An ahquot reprer#nting -tenth oftis fraction was subjected to preparative TLC 
inthesamesystem,andthexonecorrespondingto holaphyllinewasremovedandelutedwith 
~~~o~~~~#~~~~. ~~~~ot~~~~~on~~ 
Sihca Gel 0 play+ developed ~n~u~yll with ~~~:~01(93:7) for 
6~,~~t~e~~~~~~y ~~~~arno~~~~~~er 
than with holaphylline. This was confIrmed by acetyhttion. After treatment with acetic 
anhydride:pyridine (1: 1) for 2 days at 25*, TLC showed that the JV-acetylholaphylline 
migratedaheadoftheradioactivepeak(Fig.2). 

Since TLC indicated that both holaphylline and holaphyllamme were radioactive in 
Fraction D from the pregnenolone-treated plant (Fig 3), nine-tenths of this fraction was 
subjectedtoprepa.rativeTLCinthesystemgiveninFig. 1. Thexonescorrespondingtothese 
two alkaloids were removed and elti: holaphylline, 06 mg, 38,000 counts~min; hola- 
abbe, O-9 mg 38,000 counts~min. 

TLC of an aliquot of the holap~~e f-on on an alkahne Silica Gel G plate by 
continuous development with abbe: methanol (23 : 2) for ? br showed two radio- 
activepeak~,oosrconmPpondingtoh~phy~andtheotherto~~~ymo~polarmateriat 
~~RD.BaNNBTTahdE HEFnUU$ J. -0g. I28 245 (1963). 
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The remainder of this fraction was acetylated as above. TLC of an aliquot of the acetylated 
material, by developing a Silica Gel G plate twice with dichlofomethane: acetone (9 : l), also 
revealed two radioactive peaks, one with the same mobility as N-acetylholaphylline and the 
other corresponding roughly to the radioactive material in Fig. 2. The N-acetylholaphylline 
was isolated by preparative TLC in the same system, giving O-6 mg (10,000 counts/min). 
An aliquot of this material was dissolved in 2 ml of benzene : ether (1: l), 1 mg of pnitro- 
perbenxoic acidl** l3 was added, and the solution was allowed to stand overnight. After 
addition of 1 ml 10 % Na2C03 and thorough mixing, the organic layer was separated and the 
aqueous layer was extracted with two l-ml portions of ether. The organic layers were com- 
bined and evaporated. A radiochromatogram (Fig. 4) of the product showed that the radio- 
activity was entirely associated with the epoxides, identified by comparison with material 
prepamd by treatment of authentic N-acetylholaphylline as above. 

An aliquot of the radioactive N-acetylholaphylline, representing 5000 counts/min, was 
diluted with 1@5 mg of authentic N-acetylholaphylline (for preparation see below) and 
recrystahixed from three different solvents as shown in Table 2, without decrease iLlspacifiC 

activity. 
The holaphyllamine fraction described above appeared radiochemically pure by TLC of 

an aliquot on an alkaline Silica Gel G plate, developed continuously with dichloromethane : 
methanol (93: 7) for 6 hr. After acetylation as above, an aliquot also gave only a single 
radioactive peak corresponding to iV-acetylholaphyllamine by TLC on a Silica Gel G plate, 
developed twice with dichloromethane: acetone (17: 3). By preparative TLC in the same 
system, the N-acetylholaphyllamine was freed of some non-radioactive contaminants, giving 
@5 mg (18,000 counts/min). An ahquot of this material was epoxidized as above; all of the 
radioactivity of the product was associated with the two epoxides of N-acetylholaphyllamine, 
as shown by TLC on a Silica Gel G plate developed twice with dichloromethane: acetone 
(17: 3). 

An aliquot of the radioactive N-acetylholaphyhamine, representing 5000 counts/nun, was 
diluted with authentic N-acetylholaphyllamine (for preparation see below) and recrystalhmd 
from three different solvents as shown in Table 2, without decrease in speci6c activity. 

Preparation of N-Acetyl Alkaloid 

Holaphyllamine hydrochloride (19 mg) was dissolved in 3 ml of water, containing a few 
drops of methanol. The solution was made basic with 2 N NaOH and extracted with three 
I&ml portions of benxene. The benxene extracts were combined, evaporated, and taken up 

in 1 ml of dry pyridine and 1 ml of acetic anhydride. The solution was kept in the dark at 25” 
for 2 days, atIer which it was added slowly to 25 ml of 1 N HCl. The mixture was extracted 
with three lo-ml portions of dichloromethane, each extract being passed through 10 ml of 

10% NazC03 and filtered. The combined extracts on evaporation gave 18.9 mg of N-ace@- 

holaphyllamine, homogeneous by TLC. After recrystallization from acetone its melting 
point was 227-228”. 

Holaphylline (15 mg) was acetylated and the product isolated in the same way, @tig 

164 mg of N-acetylholaphylline, homogeneous by TLC. After recrystallixation from 
acetone, its melting point was 202-203”. 

A~nrmi--Theautholsgratefully~~the~ofMrs.Crnnall~~intakinOcara 
ofthcpIants. 
12 M. vILU& Bulk sot. chim. Fknce 14ol(l959). 
33 C. MATEIS and 0. Oumso~, J. Chmnutog. la. 94 (1963). 



Note added in proof. We have now verified that pregnenolonc is comcrted to progesterone 
by H. floribMda leavc~,~~ as suggested in this paper (see Results). 
‘4 R. D. RENNEIT and E. IGFIWNN, Scknce l@, 652 (1965). 
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