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NOI'ICE: 'lba project that is the subject of this report was approved by the Gc:Nerninj 
Boimi of the Naticnal Resean::h CDJncil, wboae 1IBii:Jers are drawn fran the CXJUnCil.s of the 
National Acadaay of Sciences, the Naticnal Acadaay of Erljinaerilq, am the Institute of 
Medicine. 'lba 1llli!llbtnJ of the CXllllllittee respc:rlS.ible for the report ware mcsen for their 
special CCIIpltenoe am·with .regard for� balance . 

'lbi.s report has baa\ :raviewacl by a � otbar than the authcra acoordin.J to 
prooedures approved by a Report Raviat CCIIIaittee ccnsistin) of JIISIIbml of the Natia1al 
.Academ¥ of Sciences, the Naticnal Acadaay of !'n;JinearinJ, am the Institute of Medicine. 

'lba Naticnal Acadaay of Sciences is a privata, ncrpr:ofit, ael.f� society 
of � scbolara alljai)Bd in acialtific am en;rinaerin;J researctl, dedicated to 
the :furt:harance of aciax:a am tectmol.ogy am to their use for the general welfare. 
Upon the authority of the c:barter granted to it by the Q:n)resa in 1863, the Academy has 
a llBl'Date that � it to advise the federal governDI!II'It en acialtific am tec:mi.cal 
matters. or. Frank Press is president of the Naticnal Acadaay of Sciences. 

'1he Naticnal Acadaay of ErJ)inaerirq was established in 1964, urder the c:barter of 
the Naticnal. Academy of Sciences, as a parallel Ol'gZU\i.zaticn of oot:st:.ami.r¥J engineers. 
It is aut.cn:aloos in its administraticn am in the ae1.ectia\ of its lllli!llbtnJ, 11bari.n.J with 
the Naticnal. Academy of Sciences the nspcnsihility for advisilq the federal 
government . 'lba Naticnal Acadaay of ErJ)inaerirq also spcnsara engi.neerinj pmp:ams 
aimed at meetirg naticnal needs, ei'ICCUI'agiBB aducaticn am research, am reocgnizes the 
superior adrl.evala1ts of engineers. Dr. Rclbart M. 11lite is president of the Naticnal. 
Academy of EB}ineerin]. 

'lba Institute of Medicine was established in 1970 by the Naticnal. Acadaay of 
Sciences to sec:me the sarvioaa of tlllilW1t 1lll!llblrs of � profesaials in the 
examinaticn of policy mttars pertainiJq to the health of the plblic. 'lba Institute 
acts urder the respc::n!l.ibility qiven to the Naticnal Acadaay of Sciences by its 
cagN&Sicnal. c11arter to be an adviser to the federal gcvemment am, qa1 its own 
initiative, to identify issues of medical care, research, am aducaticn. or. Sa1IIJel o. 
'Jhier is president of the Institute of Meclicine. 

'1he Naticnal. Resean::h CDJncil was cmjani.zed by the Naticnal Acadany of Sciences in 
1916 to associate the broad OCIIIIUllity of acienca am tacmol.ogy with the Acadaay's 
r;mpcses of f'Urtherilq Jcncwledge am advisinJ the federal. gcvemment. l\mcticnin] in 
aocordance with general policies deteJ:mined by the Acadaay 1 the CDJncil has becalle the 
principal qa:atilq aqerr::y of bath the Naticnal. Acadaay of Sciences am the Naticnal. 
Acadaay of EB}ineerin] in pravidiD.J sarvioea to the gcvemment, the plblic, am the 
scientific am engi.neerinJ OCIIIIUllities. 'lba CDJncil is administarad jointly by bath 
Acadani es am the Institute of Medicine. or. Frank Press am or. Rclbart M. 11lite are 
dlaiJ:man am vice dlaiJ:man, nspectively, of the Naticnal. Resean::h CDJncil . 

'1bese prooeedin;p� have baa\ prepm!d by the BoaDi en Scia1ca am 'l'acbnol.ogy for 
Intematicnal Davalqlllllll1t, Office of Int.ematicnal. Affairs, Naticnal Resean::h cnmcil, 
in cocperaticn with the Naticnal. Resean::h CDJnci1 of the Rep.lbl.ic of Indcnesia, for the 
Missicn to Indcnesia, u.s. lq/!lrCf for Int.ematicnal Daval.CipiiSIIlt, urder Ocntract No. 
ASB-0333-�5161-oo. 

Copies are available fran: 
:aoaro en Science am 'l'eehnology 

for Intematicnal Daval.CipiiSIIlt (BCm'ID) 
Naticnal. Researal CDJncil 
2101 Olnstituticn Averue, N.W. 
wash.injt.al, D.C. 20418 tEA 

Residents of Indcnesia shc11ld request ocpies directly fran: 
Naticnal. Resean::h CDJncil (lEN) 
Office of the Minister of state 

for Resean::h am 'l'eehnology 
J1. Veteran III, P.O. BaX 3761 
Jakarta 10110 I INIXmSIA 
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In 1986, the Natic:mal. Reseim:h can::il of Inblesia {mN) invited 
the Board em science ani Tedmol.ogy for Internatic:mal. Devel.opoent 
{ast'lD) to join it in spcmsor.i.rg a workshcp em the productiem of 
steroid oalpJl1I'DI for cxmt:raceptives ani� in Imonesia . '!his 
workshcp was held in Jakarta, I:rD:mesia, Deoeriler 15-17, 1986. 

'!be primary ci)jectives of the workshcp wm:e to exrharge infcmnatial 
em ani experience in illpl.ementin:J biat'.ec:hmlogical tectmiques to 
produce steroid cxmt:raoeptives ani chu]s, to diso]fm the p:cspects for 
the biotectmology needed to produce these substames fran natural 
:resa.m::&�, ani to set priorities for an actiem p:ogram in this area to 
enhaJvJe the natic:mal capability. 

'!he rapidly exparxi:in) family plarmirq pro;:t:tam in I:rD:mesia requires 
an increas.i.rg aJR)ly of ccntraceptives, iD:l\Kiin;l oral mes . '!he 
ciist.ribitial of oral cxmt:raceptives has .i.ncJ:eased fran cq:pmximately 
1-2 milliem cycles in 1970 to over 65 millioo cycles in 1985 . Given 
the c:uuent anticipated pqW.atial growth ani the over 25 million waDen 
in the c:hildbear.i.rg age group, it is estimated that over 150 milliem 
cycles will be needed by the year 2000. 

In the past the stg)ly of oral ocntraceptives was, to an iDportant 
extent, met by foreign assi.st.aral, blt liiJCh of this assistance is l1C1t17 
be.i.rg te:tminated. c:msi.derirq the illport:ara! of steroid ccntraceptives 
in the natic:mal. family plarmirq progzam as l«Ul as the high cxmnercial 
value of steroid chu]s, the gcve:t1"'l&1t of I:rD:mesia decided to strive 
rapidly for self-sufficiency in stg)ly.i.rg these� -

Partia.tl.ar attention was given in the workshcp to the utilizatial 
of inii.genaJS natural :teSal:tCeS . Wol:'kshq) participants recognized, 
hawever, that total as 1«Ul as partial synthesis JIIJSt be adopted to 
adlieve the ci:)jective of prodi.JciDJ the necessary steroid CXIIp11l'DI for 
contraceptives ani � -

'D1ese activities wm:e a'18 activity in a larger p:ogzam of 
oooperatiem between ast'ID am the Inblesian gcvemment . Begun in 
1968 , this p:ogram has featured a series of 'WO:t'lcsllqls em food policy, 
iniustrial ani tecimological zesea:tdl, natural resources, rural 
productivity, � pl.armi.rq, marine algae biotectmology, 
bi.at'.ec:hmlogy in agricultural develcpuent, ani develc:poent of a scieooe 
ani tecimology infcmnatioo system. ast'ID' s participatiem has been 
� in the c:xmt:ext of a science am teamology loan fran the 
u.s. Jqercy for Internatic:mal Devel.q;usut (tQID) to the gcvemment of 
Inblesia. '!be c:uuent two-year p:ogram with ast'ID calls for a mmber 
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of activities (panel di scussims, 'WOrkshqls, follCM-Up activities, or 
small advi.scn::y graJpe) to be Ol:1J8Ilized each year. 

aQNIZATICN OF '!HE �p 

'!his workshcp was Ol:1J8Ilized by a steerin;J cx:mnittee U1'X3er the 
sponsorship of the IrD:mesian Naticmal Research Cclurx:il . 

Dr. Didin S. sastrapradja, Assistant (II) Minister for Research am 
Technology am Clai.nDan of the Naticmal CCIImi.ttee em the Devel.opuerrt of 
Biotechnology, qxmed the workshcp em behalf of Dr. B. J .  Habibie, 
Minister of state for Research am Tec:bnology am Clai.nDan of the lEN 
(AI:Penilie A) . In his keynate address, Dr. Sastrapradja descril:m the 
lorq relationship between Indonesia am the u.s. Naticmal Research 
camcil am its cxqe:ative prognuus in the field of biotectmology am 
related subjects. Dr. Margaret Ba'l1'ler, Actin;J Director of the USAID 
missioo in Indonesia, co .. •ented em the bprtance of these kinds of 
exdlarrJes in establi.shil'q strcnJ scientific ties between Il'XIa1esia am 
the united states. In addi.tioo, she noted that this workshcp will 
affect an area of laq-starnilq USAID interest in Indonesia-family 
pl� (Appeniix B) . 

Part I of this report is c:x:iipOSed of papers prepared for the 
workshcp. Followin;J prese�atatiem of these papers , participants brake 
into three wor1d.rg graJpS that addressed: 

1 .  sitosterol scm"CeS fran agricultural by-products am natural 
J:eSCAD:'OE!S 

2 .  Productioo of steroid CXIlp:UD; by plant cell am tissue 
a.tl.tm:e 

3 .  Producti.oo of steroid carpcAJl'D; by fm:mentation am dlemi.cal 
synthesis. 

A SUll'IUal:'Y of the ocn::l.usims am :rec:x:mnematioos of these worJci.Jg 
groups is presented in Part II of this report . Part III oan:ains 
papers prepared by varioos u.s. am Imonesian participants that 
address the topics covered by the 'WOl:'ki.rq groups . 

on the final day of the workshcp the ocn::l.usims am 
:reci 111•ematims of the three wor1d.rg graJpS were presented by the 
chaizpersal of each grcup . Dr. Monroe E. wall, chairman of the u.s. 
National Research cnn:il (NRC) panel , spoke a1 behalf of his u.s. 
colleagues abalt the varioos steps needed for Imonesia to further 
develop its capability in steroid productioo. Closin;J remarks by Dr. 
sastrapradja, the wo:rkshc:p aqerda, am a list of the participants are 
included as � c, o, am E to this rep::>rt, respectively. 

'!his 'WOrkshcp r:eport was prepared by Rose Barmigan of the 'I:Was�i'IDrn 
staff usin;J papers written by the Indcnesian am NRC workshcp 
participants. 'lhe papers have been edited to eliminate duplicatioo, 
bit they acx::urately reflect the disoJSSioos . 'lhe final draft was 
reviewed am � by the meJDbers of the NRC panel am the 
Il'XIa1esian or:ganizin.;J ocmnittee. sabra Bissette I.edent , BS1'ID 
consultant, edited the r:eport. 'lhe participants 'Wall.d like to thank 
the JDe.lli:)ers of the workshcp secretariat for the excellent or:gani.zatioo 
of the wo:rkshc:p. 
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utarto 
Director, Pr Kimia Fal:ma 

USE OF S'I'ER)ID au:;s IN INIX!m3IA 

oral cantraoeptives play an illp)rtant role in the family plami.rg 
p:ogtam nm by the NatiCDll. Family PlaJ'D'l:ilq Qxm:linatirg Board (BKKE�t) 
in Indalesia, alt:ha.J:]h a variety of other cantraoeptives are also 
available. 'lbe BKKEit family plami.rg p:ogram distril:utes cantraoeptive 
devices at oo charge , thereby daninatirg the distribltioo of 
cantraoeptives natiCDll.ly. 'lbcse dJt:ainirq cantraoeptives fran the 
private sector DIJSt, of course, pay for the devices-i.n:l\Kiin;l services 
am oait:rols--themsel.ves. 'Ibis llal.arx2 will chanJe gradually in the 
future, hawever, because gcvei1'IIIel1t speniin;J will be limited. It is 
expected that the distribltioo of free cantraoeptive devices will 
decrease, tmile the distribltiat of partially subsidized am fully 
ccmnercial. � will in::rease . 

unfortunately, the ability of Imanesians to p.u:chase 
CXI'Itraoeptives is still limited, makin:J the overall situatiat of the 
family plami.rg p:ogram a gloany cne . Cbtai.nirg help fran abroad 
thrCA1gh grants or soft loans rray still be possible, b.1t heavier 
goverrment expeniitures DIJSt be avoided. All these factors will 
l.mdaJbtedly lead to the developoeut of family plami.rg activities in 
the private sector, especially 8liXDJ privileged cxmD.mities such as 
those livin) in the cities, am to the� need to produce the raw 
rraterials for oral cantraoeptives, thereby savin) foreign exdlarge as 
well as creatirg new sources of i.ncaDe am new jobs. 

In the past, oral cantraoeptives for the BKKEit family plami.rg 
program were largely acquired thrCA1gh grants fran abtoad. As a 
COl'lSE!q\lEtl', the ki.ms of pills dJtained deperxied on such factors as 
whidl camtries were willin) to give a grant or loan for the p:ogram, 
what types of pills were available in those countries, am whether the 
pills provided am those who used them were c:::crrpati.ble. 

It was largely because of these factors that the first oral 
contraceptives distrihrt:.ed in Imanesia by the family plannirg program 
were Noriday so (considered a high� pill) am OVostat 
(distrihrt:.ed em a limited basis). 'D1ese factors also explain wy 
Noriday has been Dlimlfactured locally by Kimia Fal:ma siooe the early 
1980s. 
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Mom effective low-dcsage pills with faer side effects am new 
� distriblted, b1t the family pl..anniDJ pa:ogzam feud that the shift 
fran high- to law-dosage pills was net as easy as expected because of 
� prci:)lems. '!he DOlt diffiall.t prd.:)l•, hcwaYar, was that 
c:x:msumers were hesitant about c::harl)iD) their USJal. ocmt:racept.iva far a 
new cme. '!he family pl..anniDJ pa:ogzam is pa: s entl.y usin) two types of 
lcw-dcs2lv]e pills, especia1ly 8IDa'l) new participants . 'lbey am 
1� 150 microjEt:h est:radial. 30 micro ard descgesttel 150 
microjEt:h estradiol 30 micro. '!he latter chuJ, IIBJ'Alfactm:ed by 
�, is known as Marvelen. It is � used by the family plannin) 
program t:hralgh a grant fran the Dut:dl government . 

In 1985-1986,  the BIQ(EI{ family pl.am:iDJ pa:ogzam distriblted the 
followirg oantraoeptive devices: IUD:;, 34 percent; oral 
oantraoeptives, 43 . 9 percent; injectien dl:u]s, 14 . 2  percent; cxnk.ms , 
3 . 5  percent; ard others, 4 . 4  percent . '!he injectien dl:u]s used by the 
family p� p:rogzam oalSist of steroids. 'lhus , 58. 1 percent of the 
ocmt:racept.ives distriblted am based en steroids, excl\dilq Natplant 
(susuk IQ3) • 

Injectien dl:u]s am smprisin;Jly well accepted by participants in 
the family p� progxam, ard use of these dl:u;pl is increasin) fran 
year to year. '!he dan:inant chuJ dist:ribJted is Depo-Pravera 
(Upjcim)--abcut 8 millien vials per year. Its active � is 

medraxyprogest: acetate. Noret:hist:ercm enanthate, amther 
injectien chuj, is also� di.stributed, b1t in smaller quantities . 
'!he lllealmess of this dJ:u;J is that it is a kim of oily solutien with a 
shorter intel:val. of injecticn (ate Dalth). 

1he family plarmirg program is also usin) Norplant, a recent 
inventicn. A plastic needle oont:ai.nin) levavn-gestrel is plantecl 
subdennal.ly in the ham for a time-release of five years . Aba1t 20 , 000 
units of Norplant am used each year, 1llald.rq Inb'lesia the lanJest 
oonsumer of this kim of device. 

IBWm � RAW MATERIAIS � ST.ER>ID PRXIJCI'ICif 

ProjectiatS of the future needs far oral ard other ocmt:racept.ives 
based en steroids (t:aldnj into aooamt the future eqilasis en 
low-dosage pills) am shown bela�. '!he projected first-stage cJemard 
far raw materials far steroid prcducti.en follows: 

cartraoeptive 

Noriday 50 
Ncmninest 
Microgyncn 
Marvel at 
Depo-Provera MPA 
No1'plant 

Proiecteci needs 

20 millicm cycles/year 
10 milliat cycles/year 
40 millicn cycles/year 
40 millien cycles/year 
10 millicn cycles/year 
201000 units 
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Raw material 

Noret:hiJm'a1e 
Mestrano]/Ethynl. estudiol 
I.eYalorgestrel 
Desogestrel. 

- 5 -

4()()-6()() 
ao-100 

150 
1, 500 

'!he daDani for these materials will prci)ably increase 5-10 percent 
eadl year. 

VARIWS RESEARCH AC1'IVlTIES 

'!he first seminar em steroid oarpc:urr3s for ocmt:raoepti.ves was 
organized in JUne 1981,  urx:Jer the sponsorship of the BIQ(II{. '!he 
participants irx::llxJed speakers representi.nJ various foreign CX'II'p'nies 
sucb as sc::heJ:in), OEganat, Syntex, and Gideon Richter, as well as a 
nmber of experts ftan the Naticmal. Institutes of Health (NIH). 

8everal. local participants reported em their research aimed at 
fiDii.rq suitable pzecursors , similar to these of diosgenin and 
solasodine. 

A team ftan Boger Agriall.tural University (IPB), lltilo ccnlucted a 
smvey at the possibil:ity of c::bt:airrl.rq Diosoo:rea with a high diosgenin 
ocmtent, also reported at their progress at the seminar. SUbsequently, 
they reported a negative result for their survey. 

Finally, another team of researchers, headed by Prof. Oei Ban 
Liarq, reported em experiments em the all.ture of SOlanum khaslamnn· An 
analytic method was used to meaSI.U'e the solasodine ocntent. In the 
meantime, the results of experiments em SOlanum marginatum and cestus 
spp . have also been reported. 

In the years followirg the first seminar, :researchers have focused 
at fiDii.rq saJrCes of sterols in the agriall.tural wastes produced in 
Ird:Jnesia. For exanple, Illbis and associates have successfully 
identified and isolated sitosterol ftan pressDJJd (sugarcane waste) with 
a ocmtent of 0. 32-Q. 83 percent. F\lrther study llllSt be umert:aken to 
detennine the ecalallic value of this resan:ce . 

Another possible source of sterol is the oil cbtained ftan soybean 
p:coessirr:j. 'lhi.s possibility llllSt be st:ldi.ed in tenDs of its 8CXI1CIIdc 
value, llc7Never. 

'!he 8R>licatiat of biotechnological processes to the transfonoation 
of sitosterol to AID (amrost.a -1, 4-diene-3 , 17-dicme) is a breakthra1gh 
that dramatically c:ilarges the conventicmal. synthesis process and alters 
the pattem of the steroid irxlustzy. Because pn:xiuctiat of AID fran 
diosgenin via the conventicmal. method involves many stages, that method 
has been abarxbled. Nevertheless, steroid precursors such as diosgenin 
and solascxline are still useful for the pn:xiuctiem of OJrtioosteroid 
usirg a synthesis process . 
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Since the 1981 saninar I DBnY foreign c:xmpmies have been CD1tacted 
to explore cooperative efforts and the transfer of tectmology in the 
area of oart:raoeptives. 8aDe oc:mpmies have shown gnat interest in 
the matter, Wile others have been zeluctant or even refused to 
participate to maintain their own self- interests. 

K:imia FaJ:ma has adcpted a strategy to gain ooopemtim in produciDJ 
a steroid oantraoeptive within the stage of fcnward integratim 
activities. '!his will be followed by an effort to hardl.e the backward 
integratim activities step by step, Wile also gainin;J the tectmology 
and trained 1llal'pJWer needed to IIBJ'Alfactm'e sitosterol , diosgenin, and 
solasod.ine, for ex;mple. 

'lhe first calallaticn; have shown that the "transfer price" of 
products mamfactured locally (that is, in ooopm:aticm with foreign 
CX"'p'nies usirr:j their tectmological capability and expertise) is 
135-400 percent higher than that of products that can be bc:u;#It em the 
llm"ld market . SUdl a high price results fxan eccn:mdes of scale and 
the transfer price of the startiJg materials or other .i.nterD=diates . 
Q'l the cme hand, the transfer price llllSt be bol:ne by the project in 
favor of Imalesia :teeeivil'K) this tectmology. Q'l the other hand, too 
high a price cannot be tolerated. '!his prci>lem llllSt be faced in 
part.icipatirr;J in a joint venture for a sqilisticated tectmology. It is 
therefore time to look for ways to develcp our own tectmology usirr:j 
dlannels of scientific ooopemtioo and an exdlan]e of experiervJe as 
well as knawledqe. 

'!his process will take a lCDJ time just to establish, and fxan a 
b.Jsiness perspective this may mean losirr:j good CJR)Orbmities. It is 
hqled that this llm'kshcp will provide the necessary input as well as 
nanentum to DDtivate the develcpuent of steroid OCilpCAJlD; in Irlda1esia. 
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mRACI'Ia! AND BIC7l'RANSPtB1ATICJi mtm1'1§ OF STfB)Im 
AND ;r.pRiitiiNNi AIJ<AU)Im FJQS INIXHSIAN BIOtooiCAL 'R'§t!1BQ§ 

Isdlak Illbis and 8uscn) Saa1o 
Center for Research in Bi.otec::tlmlogy , 

Inb'lesian Institute of SCiences 

INlKUJCl'I(I{ 

Many raw materials and pzecursors used in the JIBI11facture of 
valuable � am derived fran plants . '!he inportance of plant 
products in the ];ilanDaoeutical .imusb:y has bec:xlle even greater s.i.ooe 
the Sl¥XeSsful mamfacture in the early 1960s of the steroid dnJ;J 
diosgenin, a plant steroid then c:iXained fran Diosoorea and later fran 
ather plants as well . 

'!he irxxnpcn:atiat of biotransfonoatiat by microorganisms or by 
tiSSJJe all.ture has significantly increased the ecaonic prospects of 
exploitin;J various plant products to prcduce useful � . An 
inportant exanple of this treni is the 8Rllicaticm of the microbial 
transfonoaticm of PJytostemls into amrost:.ene-3 ,  17-dicme (AD) and 
amrost:a -1, 4-diene-3 , 17-dicme (AID), inportant intermediates in the 
IIBJ'Alfacture of OCI'ltraoeptive dlu;ps . Because microbial transfonoaticm 
is DllCh DDre efficient than the dlemical synthesis originally CiR)lied 
in the imust:rial JIBI11facture of ocntraoeptive � fran diosgenin, 
and the raw materials needed am relatively cheap, the microbial 
transfonoaticm pzooess is preferred . MJdl attentiat has thus been 
given to searc::hirg for possible sources of suitable PJytcsterols (that 
is, stigmasterol and sitosterol) and potential strains of 
microorganisms for the transfonoaticm . 

In a pzcoess first introduced by SdleriDj N;, soybean waste after 
oil extractiat has served as an inexpensive sruroe of stigmasterol and 
sitosterol , but ather sources may be available . 'lhus, oil-prc:xiuciDJ 
plants as well as a nmber of agriall.tural wastes ab.n'mntl.y available 
in Irdalesia lii.1St be examined as possible sources of sterols . It is 
also necessaey to select potential microbial strains capable of 
transfcmnirl3 sterols into steroid dnJ;J intermediates ,  partiall.arly AD 
and AID. 

other inportant � of ocmsiderable ecaonic and therapeutic 
value am the JIDl:lirlnan alkaloids (codeine , nm:prlne ,  papaverine) , 
which are produced o ""ercially fran Papaver samrl.ferum. Ablses of 
narcotic alkaloids for n:uoedical PJZPCSes have, however, made it 
necessary to pit strict oaJtrols em their pxcductiat . It woold thus be 
ideal to devise a method for prcduc:irKJ the alkaloids nm:prlne and 
codeine fran l'lC1'11'lar00tc st:art.irg materials . 
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As total synthesis is d::wiously iDpractical. an:l expensive, the 
search for plant pi'Cducts usable as precursars for the synthasis of 
codeine an:l JIICIIlili.ne has been attaapted. In this oauaecti.Cil, stncUes 
Cll the c:xx::urrEI'Da of retialline, an i.soq.J.i.mline alkaloid frecp!ntl.y 
fa.mci in Anncnooeae, an:l Cll its ctvnical ocmversiCil, have been reported 
by various i.nvestigatars. Usin;J ncmnarcatic salutaridin as a Jcsy 
intet:madiate, xes em c:bars have JXJW established the synt:hstic patl'Mly 
into t.hebai.ne . Recently, oor institute isolated salutaridin fran an 
Ir1dalesian plant, leadin} us to explore the possibility of usin;J this 
alkaloid for the productiat of codeine an:l JIICII:lili.ne . 'lbe main prcble.n 
is transfcmnilg the salutaridin into thebaine, fran llhlch codeine an:l 
JIICIIlili.ne can then be produced by known cbenical prooes=es . If this 
ocW.d be achieved, there would be m need to all.tivate Papaver 
saqniferum, an:l the abuses of the cpilD an:l its naroati.c alkaloid would 
be drasti.cal.ly minimized. 

aJRREN1' � PR:lGRAM 

Scientific an:l Ecc:n:mi.c JUstificatial 

'lbe synthetic patlMly of varioos steroid dn.J;Js , i.Jx::ll.liin;J oral 
ocnt.raceptives, has been established. Cl:mDerci.al. awlicatiCil of this 
synthesis has been illpraved fran time to time, especially after the 
utilizatiCil of microbial transfomatioo to produce the major 
inteJ:mediates . 

AD ani AID are the primaey interJDediates for the productiCil of 
ex>ntraceptive dn.J;Js . If these interJDediates can be produced 
cc.:mrterCially, the subsequent processes to produce the desired steroids 
will be nuch easier. 'lhus, the main prci)le.n is the productioo of AID 
fran a suitable sterol as precursor. Because B -sitosterol is Clle of 
the most widely distribrt:ed :Ptytosterols, the availability of this 
sterol fran local plants shall.d be detenninecl, as wll as the 
c:xx::urrEI'Da of sitosterol in certain agriall.tural wastes . Primaey 
attentiCil has been given to the � waste pre:ssau:i, as � 
productiCil is an inp:rtant agriall.tural irdustJ:y in Inblesia. 'lbe 
eoc:n:mic value of � will be enl1alx:a:l even further if sitosterol 
is dJtained as an aa:titiCilal by-product. 

'lbe availability of sitosterol fran� waste in this 
oamt:zy, ocupled with the awlicatioo of microbial transformaticn, 
would be an effective� to startin:.J irxiustrial productioo of 
steroid dn.J;Js, especially oral oart:raoeptives. Self-sufficiency in the 
productiCil of a:mtraceptive drugs will in tum save foreign exdl.arqe 
JXJW used to iDqx>rt a:mtraoeptive ClCIIpOUl'Xls. 

Experiments have been carried out to isolate sitosterol fran 
pre:ssau:i dJtained fran� factories in East Java. Extra.ctioo 
methods have been c:x:mpared to fin:i the roost efficient method. A 
greater yield of plrified sitosterol was dJtained fran raw material 
previoosly fermented (by kipsen in water) to destroy waxes ani 
proteinous ClCIIpOUl'Xls. Usin:j this method (see Amex A to this paper), 
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620 Jll) of sitcsterol. was obtained fran 75 9 of dried fm:mented presslllld 
(alxAlt an 0. 83 percent yield). Further studies am still needed, 

hcwaYar, to increase the yield. Pt:�ssible steps .i.rd.l.D! i.Dp:twin;J 
fezmentatien of the p: znd ani applyin;J a locally available 
extractien solvent sucb as acetale which can also be produced fran 
JOOlasses . It is hcped that the product.ia1 of sitosterol fran sugarcane 
waste can be carriecl out inexpensively. 

A p:reliminaJ:y stmy has also been CD'1ducted en sc::reen.irq microbial 
strains far the trarsfcmaatien of sit.csterol into AD and AlD. As many 
as 3 ,  000 strains have been tested, but further experimentatien is 
necessary to fin:l the pX.ent.ially effective micrcargani.sms . '!his 
resecu:dl will focus en strains obtained fran all.tm:e oollecticn; ar 
natural habitats, .i.rd.\dilq , Bacillus, Rrf!V1bagterium, 
l)Jprnd!'l'!t&hDD, ""'??l'!K;terium, NsgtnJi o 1 Serratia, and st:n!pt:gqyces . 
Q)ll.aboratien with other institutes is cbviaJsly needed to ac:hi.eve the 
desil:ed results in the shartest possible time . 

In adiitien to the selectien of effective organisms , &tulles en 
fement:ati.cn cxniitic:l1s will be ccnlucted far mst potential strains to 
ciJtain the qJtimal yield of biocawersial. A stamard dlemi.cal 
analysis usin) high-pressure liquid c:iu:aiDtcgrap1 (HPU:) will be 
eapl.oyed to Dalitar the p:w. 

'!he p:lSSibility of synthesizin) JIDl:lirlnan alkaloids fran the 
l'D1112!lJ:C0tic alkaloid salutaridin seEIIEJ to be withln reach of present 
dlemi.cal ar bic:JchaDical knowledge. Synthesis of salutaridin to 
thebaine is expected to ocmsist of a'lly a few steps , tlms facilitatin) 
imustrial productien. Isolatien of salutaridin fran a native plant 
(usin) leaves) involved column chraDarcgraplic separatiat and 
crystal.l.izaticn fran benzene . A yield of o. 28 percent was obtained 
fran the leaves, ani as this native tree pnxiuces abundant leaves, the 
alkaloid ccmtent wall.d be sufficient far possible cxmnercial. 
exploitatien. (A detailed xeport of the isolatien ani dlaract:erizaticn 
of the alkaloid is given in Annex B to this paper.) 

PlANNED SRJRIUl'.ERM RESEARCH PRJGRAM 

Sitosterol far steroids 

As of fiscal year 1987-1988 , plans .i.rd.l.D! cx:niuctirq sbxUes en 
the extractien of sitosterol fran sugarcane waste, its 
biotransfcmaatien by microorganisaB , and fementatien cxniitiaw to 
achieve optimal ocmversiat of sitosterol into AD ani AlD. StnrHes will 
also be carried out en the sitosterol ocntents of other agriall.tural. 
wastes, especially palm oil residue, ani of other oil-produc:irKJ plants 
sucb as &D:imt;)ia which can be 9rt7t111 en poor soils with minimal 
mai.nt:enan::le . 'ihe progxam en ocntraceptive and steroid dnx;pl is 
expected to yield sufficient data far initiatien of a semi.pilat- ar 
pilot-scale experiment withln two to three years . 
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Plant oell ard Tissue Ollture far crcp IliptOYaDE!IIt 
an:l 8ecxniaiy Metabolites P.roducticn 

Sb.dies en haw to iDpraYe both the productivity of fruit crcps an:l 
products of medicinal value will be cx:n:b:ted by E!llployin} plant cell 
an:l tissue a.ll.ture tectmi.ques. lDw productivity ard pest ard disease 
sensitivity are prcblE!Il& affli.ct:.in} Irx:Ja1esian agria.ll.tural 
o ""kdities, especially fruit crcps . 'lbe prcblE!Il& enccuntered in 
utilizirq plant :resooroes aze the len;Jthy period required far c::tq) 
iDpravement usirq oawenticma.l tectmi.ques an:l the 101117 producticn of 
vauable OCilpCAJnds. It is b:lped that the i:aproved quality of the fruit 
crcps selected far stmy in the oc:min;J fiscal year will irx:rease 
productivity substantially. 

To adlieve the reseaJ:dl goals described abave, all interestad 
resean::h wor:kers fran the varioos resean::h institutes , universities, 
an:l related imustries DllSt join together as an integrated team to 
urdertake these sbJ:iies. It is expected that this wor:icshq> will 
provide the OR;XJXtunity to work cut the basic mechanism of CXlq)eraticn 
8llk:I'I:J the interested institutiCD!I . 
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ANNEX A 

Sitcsterol frclll SUgarcane waste 

Iscbak I.ubis and SUsa1o 8acn) 
OEmtar for Reseal:ch in Biotecimol.ogy, 

IID:mesian Institute of Scia1ces 

�(I{ 

Sitosterol is cme of the JOOSt widely dis1:ribJted J;i1.ytosterols of 
the higher plants. Pam JOOStly in small quantities, sitosterol and 
other major J;i1.ytosterols (stigmasterol and caDpeSterol) may occur in 
certain legume and la� plants, sudl as J!lu:ilorl;)ia and 
Q!l atropis, in relatively greater caJcentratialS. 

'lhe occurreme of sitosterol in higher plants recently attracted 
attential when Sc::'heriD) AG inb:cdxwi the industrial microbial 
c:x:mversien of sitosterol into steroid intemediates AD (ardrostene-3, 
17-di.cme) and AOO (amrosta-1, 4-diene-3, 17-dicme) for the IIBJ'Alfactm:e 
of c:xmtraoeptive dl:u;pl. soybean waste after oil extractiat has served 
as a CX1IIIIe:rCial. scm:ce of sitosterol for this process. Because 
sitosterol obtained fJ:an soybean waste is veey inexpensive, this 
J;i1.ytosterol has beo "e a major precursor for steroid producti.al. In 
searc:hin;J for other possible CX1IIIIe:rCial. sources of sitosterol, 
:researcilers are foc:usin) en certain agriall.tural wastes, especially the 
waste fran sugarcane known as pressaui (blotqp in IID:mesian) • 

Anrllal. bianass producti.al in IID:mesia aDDJnted to Dm"e than 
19 millien taw in 1984 . 'lhus, it is ciwicus that the sugarcane 
imusb:y is prcduc::in;J abDDmt umsed pressaud. If sugarcane waste 
ccnstitutes 5-10 percent of the total bianass, the umsed residue wcul.d 
aDDJI1t to 1-2 millial taw arnJal.ly.  It wcul.d then be useful to 
investigate the J;i1.ytosterol ocntent of pressaui. 

'!his paper r:eports en the extracti.en yield of sitosterol fJ:an 
pressaui usin) the medified method develc:pd by s. K. Srivastava et al. 
(1985) . 

MATERIALS AND :ME'11Im 

P.t'essarx:J with a 7o-ao percent water ocntent was obtained fJ:an a 
sugarcane factoey in East Java. Extracticm was cxniucted by ri.nsin) 
the dried pressaui (with and withalt previ.aJS fer:meut:atien treatment) 
in water in a scaled bottle for five weeks. 'lhe treated sanpl.e was 
then dried at 800c and grami into a fine power of which 100 q was 
r:efluxed with a mixture of benzene, petroleum benzene 4o-60, and 
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ethanolic 2N 101 (10:5:1) far 12 hem's . '1he extract was then distilled 
urdar ratJCfld pt rma am the ccnceutrated residue rafluxed far 30 
m:lJutea in acetadtril (2 x 50 ml) , wbic::h was dacantad while hat . 

Attar st.ardiDJ ovamigbt, the precipitated white prcduct was filtered 
am pJrified uain;r hat isqJrqanol . 

A yield of 0. 036 parcaat (100 9 yieldad 36 11g of sit.csterol) was 
acbiavad uain;r dried unf8DIIII'Ited pt mli. Fal1la1t:atim of the 
pt -nli, hawavar, resulted in an 0.83 pauaat yield (75 9 yi.alded 
620 D1J of sit.csterol) • 

CXH:WSICif 

It can be CDJCl.uded frail these results that the sugarcane waste 
pr j -nli is a potential scm:ce of sitosterol. Moreaver, it was proven 
that fement:at.ial of pt -nli .iJx:r:eases the yield of extracticn. 
FUrther illprc:Miaat of the extracticn tectmiques used as well as 
utilizaticn of an inaxpa1siva solvent (sucb as acetme d:Jtained ftan Jll)],arses) , are new nqlll:ad. 

Srivastava, S. K., R. A. K. Srivastava, am S .  H.  Milltlnlr. 1985. 
Biot:ransfcma.ticn of EUJBr cane stemls into arxirost.a-1, 4�3, 
17� (AID) by qlcbifgnn1e str. qxydans . J. AAU· 
Bacterial. 59:399-402. 
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ANNEX B 
Man.lfacture of QxJeine ard � fran salutandin, 

a New Alkaloid fran an In:k:nesian Plant 

I.sc.bak IJJbis and setijati sast:tapEa:lja 
canter far Researdl in Biot.ec:hoology, 

IJD:.nesian Institute of SCien::leS 

nmu:DCI'ICfi 

� ard c:x:xJeine-the •jar alkaloids of Papaver 
� CJrl,te valuable medically. 'lhe productiat ard 
distr.ibltiat of cpilDD and its umprlnan alkaloids are under strict 
intematicmal. CXI'1trols, hcwaver, because abJse of these alkaloids for 
J'Xlllllledical pnposes can pose a serioos health threat. '!his prcblem has 
stiJIIllated attalpts to produce J1m1iUne by means of total ard 
semi.synt:hetic processes that use 1"1C'1111al:00c CXI'IpCAli'Xls as a precursor. 

Retiall.ine, an i.soquj.nii.ne alkaloid, is widely distributed amcn:.;r 
menlers of the AnJJonaoeae family of tn:pical plants, Wdl are 0 ""UUY 
fam in IJD:nesia. Biosynthetic studies of the Papaver samiferum 
alkaloids have revealed that reticuline acts as a natural precursor 
(Battersby et al. , 19641 Barta'l et al. , 1965 1 wad:lel ani Rapqxn.t, 
1985) . It was also evident fran radioactive labelin;J that :r:etiall.ine 
was CXI1Verted into salutaridin by a selective oxidative oouplin:j 
(paraortho of the A ani c rin:Js) • salutaridin was then CXI1Verted into 
thebaine fran wdl codeine arxt J1m1iUne can be produced. 

'lhe :revel.atiat that :r:etiall.i.ne can be used far the synthesis of 
100rpune has stiJIIllated studies at in vitro oxidative oouplin;J of 
retiall.i.ne usin:j various oxidative agents . It has been fam, however, 
that in vitro CXI"'Versiat of :r:etiall.ine into salutaridin is nat very 
efficient, givin;J ally a 0.03 percent yield (Hewgill ard Pass, 1985) . 
It \IO.lld be DDre practical to use salutaridin, nat retiall.ine, as the 
potential precursor for the synthesis of codeine ani 100rpune. 

'lhe occurrence of salutaridin was first reported in 1985, when it 
was fam in crot:.at salytaris (&B;tmbia) growin;J in Brazilia at 
2 , 000 m above sea level. Sbnies by the center far Researdl in 
Biot:ectmology at the alkaloids fam in the Amplaoeae family in 
Irda'lesia revealed that salutaridin is fcmd in ate species that is 
widely distributed in the forests in SUriBtra ani Kal.i.mantan. 

'!his paper briefly describes the isolatioo ard identificatiat of 
the alkaloid salutaridin. It is the first report of the occurrence of 
salutaridin in Annonaoeae . 
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ISOIATICit .AND IIBfl'IFICATICB OF SAII7rARIDlN 

In this examinati.cm of salutaridin, 300 CJ of dried pw1er of leavas 
were exb:acted, usil1g 2 1 of 95 �at al.c:dxU � 10 �at 
CDJOal.b:at:ed aiiiiDlia. Bxtract:ial WI!IS perfta• hM at 7cf'c far biD 
bcm:'a, aid the ax.tzact WI!IS flltaad tllrcu#l flltar paper (tbia WI!IS 
repaatad tmae tiDaa) • 'lbe alccbolic ax.t:r:act WI!IS thm CXIII:dra:l aid 
cua:aat::tated to about 50 1111. with a mt:aey evaparatar. 'lbe naict• WI!IS 
disaolvad in 50 1111. K:l. lN, aid the aol.utian WI!IS thm dafattad with 
pet:rol...-ethar, Dllde alkaline (IS- 8.5) with aiiiiDlia, aid abiiJcaa with 
dll.arofcma (5 x 150 1111.) • At this point, the cxllt:dral dll.arofcma 
ax.tzact WI!IS CDJOaib:ated into a vi SCD.JS liqrl.d, wbich WI!IS aeparat:al by 
collml'l chtaaatogz� em alumbua, usiDJ benzene and benzene-ether 
mixtuJ:es with ratiaa of 9:11 8:2 I 1:3 I 6:4 I and 1: 1 SIJbsecJ,attly 8S 
eluents. Benzel1e-etber mi.xt1lres of 8:2 aid 7:3 gave a siD)la spot em 
thin-layer dutiiilt:oogJ:apb¥. '1besa mi.xt1lres were thm cxllt:dnad and 
cxn:::enb:ated, aid a fine c:eystal.line needle (meltin) po�, 
206-20� was abtaineci. Spectral analysis (IR, H NMR, C Rm) 
and DBSB specb:cac:qJy revealed that the alkaloid WI!IS salutaridin, 
c, alf?111)4. - l Yi8ld of 0.28 pen:aat WI!IS achieved in this st:my-tbat is, 300 CJ 
of leaves yielded 850 Jll) of salutaridin. 

CXH:![II;l(lt 

'lbe di.acxMny of sal.utaridin in arJI'D'mCBCUS plants in Xl'dcm8ia my 
pmvide the �ty to produce J1m1i1ina aid mdeine wit:hcut bavinJ 
to gn:JW Papayer samiferum, the cx:maercial. saJrCa gxcwn legally in 
certain oamtries . 'lbe mla of salutaridin as a bicsynthetic 
intennedi ate closer to thebaine than ret:iall.ine ·shall.d be expl.arac! to 
detemine the possibllity of usiD) salutaridin as an artificial 
pt'8CUl'SOr. If it is faD! that salutaridin is CX11V81:'tibla to thebaine, 
then mdeine, and su1:aq.art:ly Jlm1i1ina, can be abtaineci by lcrxMl 
cbiiD1 cal synthesis . 'lhis lllall.d serve as a braaJtt:hrc:u#l far the 
f,bamaoeuti.cal industry and it lllall.d JD:inimiza drastically the ablsa• of 
q»ila. 

Bartcl'l, D. H. R., et al. 1965 . J. Qaa. SOc. 2423. 
Battersby I A. R.  I et al. 1964 . J. a-. SOc. 3600. 
Hewglll. , F. R.  I and M. c. Pass. 1985. Aust. J. a-. 38:497. 
waMel, T. G. I and H. Rapqxn:t. 1985. l'bytoc.t1aa. 24:469. 
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PARI' II 

Conclusi.cms and Reo i!Mtridatials 
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Sl'ItSJER)L SClJRCI!S PR:M AGRicmntJRAL BY-mowers 
AND NAmRAL RE9CXJRCES 

� Major Sam:&� of �ls 

'lbe follcwiD) mjor potenti.al. scmoes of mj xed PIYtcsterols are 
available in Inda1esia. Not all of these scmoes will be practical, 
b1t all are available in sufficient quantities to be OCX1Sidered for use 
em an irDJst::rial. scale. 

source 

� 
Palm oil 
Peanuts 
Qxxnit 
Rice 
Cotta1 
ceiba spp . 

Ricinus spp. 

:r..eug.ena 
SOybean 
PiDls (pine) 

PresS"'Jd 
Oil, kenlel., pxesscake, fiber 
Oil, presscake 
Oil, presscake, fiber 
P.ressc:ake, rice bran oil 
seed, presscake, oil 
seed, presscake, oil 
P.ressc:ake, oil 
seeds 
Oil I presscake 
Tall oil 

Of these scmoes, palm oil and EUJ8rC8!18 will receive the highest 
priority. In the case of the palm oil, mjor estates already exist am 
will be expamed. In aaiiticm, Dme are plamed in the near future . 
It is expected that within five years Inda1esia will be a major 
producer of palm oil . 

In the case of sugan::ane, 19 millicm ta1S of biaaass are produced 
annually. 'Jbe pr ESS"'Jd fractial, which is 1mcwn to CXI1tain sterols am 
is currently discarded, represents 5-10 percaat of the biaaass 
produced, or 1-2 millicm ta1S anruUly. 
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Analysis 

Analytical Msthcds 

Nmemmif'nh1e f'ract:.ials . 'lbe major cx:llpJUl'XJs of interest in the 
projected stnrUes will be foun:l in the lla'lSapC21ifiable fracticn of the 
various plant materials or olls. 'lbe initial material will be dJtained 
therefore after evaporat.icn of a solvent (cliethyl ether, �leum 
ether, or methylene chloride) at a low terperatw:e (35°c-45°C) 
umer vaaDDD. 'lbe residual material will be treated with methanolic 
mi (or NaCH) usiD) a stamard pzooednre, refluxirg for a specific 
time . After coolin:), the methanolic soluticn can be diluted with water 
arxi extracted with diethyl ether, petroleum ether, or methylene 
chloride. 'lbe extract can be dried by shaki.rg with anhydra.1s sodi\DD 
sul);ilate arxi then partially cxn:srb:atecl, diluted to a specific volume, 
arxi stored umer refrigeraticn in the dark. Precauticn JIIJSt be taken 
to prevent leakage of vapors arxi a possible fire hazard. Glass, 
plastic, or rutiJer st:qprs shall.d be used. 

'lbe lla'lSapC21ifiable fractioo is analyzed as follows. An ali<pJt of 
the rxnsapcmfiable fracticn is c::cn::lEIJtrated to dryness umer nitrogen 
usin:J a suitable vial (plastic nust be avoided) , deri vatized with a 
reagent, arxi the vial is tightly sealed. It is then wamed aoooniin;J 
to stamard pzoc.�dnres for trimethyl silylaticn of sterols. An 
�cpriate ali<pJt is analyzed usiD) stardanl praoednres arxi an 
internal staniard-for exaDple, dlolesterol. Fran the weight of an 
ali<pJt of the original extract arxi that of an aliquot of the 
lla'lSapC21ifiable fracticn, cne can calculate the percentage of 
!la'lSapC1lifiable fracticn in the plant or oil or the percentage of 
sterol in the IXI'lSapCI'lifiable fracticn. 

Al.tematively, an ali<pJt of the rxnsapcmfiable fracticn can be 
analyzed by high-pressure liquid c:hraDatogrcq::by (HPIC) usin:J the same 
internal stan:Jard ( dlolesterol) described above for the gas 
c:hraDatograpty (GC) pzooednres. ARn"qn:iate oonnal or reverse pwre 
oolU1111S can be utilized. 

'l'oocJPlerol can be cpmtitatively deteJ:mined oolorimetrically by 
HPIC or gas liquid c:hraDatograply (GIC) as 'lMS ether. 

carotene can be deteJ:mined in an ali<pJt of the IXI'lSapCI'lifiable 
fracticn (Wall method) by column c:hraDatograply arxi, after 
ocriCeiatratirJ) to a oawenient volume, it can be deteJ:mined 
oolorimetrically at 450 nanaoet:ers . 

Iso1atial arxi PUrificaticn of Blytosterols fran Various Plant 
Sg.rroes. 'lbe ci:>jective of a stuiy en the isolaticn arxi pn-ificatioo of 
PtYtosterols fran various plant sources wruld be preparaticn of a 
pn-ified P"lytosterol fracticn CXI'1tain.irg at least so percent sterol, 
predaninantly sitosterol. '1he scale shalld eventually be sufficiently 
lcu:qe (that is, usinj at least 3. 2 1 of oil or 1 kg of seeds) so that 
scme realistic projectialS of yields can be made . 

Copyright © National Academy of Sciences. All rights reserved.

Workshop on Biotechnology of Steroid Compounds as Contraceptives and Drugs:  Summary Report, Jakarta, Indonesia, December 15-17, 1986
http://www.nap.edu/catalog.php?record_id=19190

http://www.nap.edu/catalog.php?record_id=19190


- 21 -

'lbe fol.ladn:j pz:ctt'9tR"eS sbculd be establi.sbad for a ct'\de sterol: 

o PmJprot;im of gnpe r¢eml fractial frqD the free etmn1s in 
.211. 'lbe ccmju;Jate sterols also extractecl fran plant 
mterials will yield another fractim of c:tme sterol. In 
this case, pxooedtJreB WD.1ld siDply be scaled up fran the 
analytical methods described in the preoed.irq sec:tia1s . 

0 larw scale coltm �of the DtJ'lfiFQI'df'nh1e 
fractim. SUitable l.al:ge absatptia1 colUIIIlS usin) either 
florisil or alumina or silica gel can be stncU ed. VariaJs 
ctu:Ciiiitogr:apuc fract:.ia1s sbculd be collected, usin) solvent 
of i.m:reasiD) polarity. All fracticns sbculd be analyzed for 
sterols ani other patentially useful o "I"D!!Its as described 
in the :pr:ecWtiDJ aecticns em analytical methods . Although 
this mat:hcd JtaY mt be industrially practical , the infanatim 
obtained will be valuable. 

o Shprt path di £1 llatim. sterol and tocqilerol fract:.ia1s fran 
the 1'1a1EiapCX'lifiable fractim can be :teadil.y separated fran 
lipids ard higher DDleoJl.ar �. 'lbe ca�Celttated steroid 
fracti.al abtainad can then be a:yst:allized. 

o SqYbean sl'llk:Je method· Detalled px"OOedln"eS for the treatment 
of soybean oU have been plblished. 'lhe method in::ludes a 
deodarizatim treatment followed by steam distlllatia'l. When 
it is carried out m a l.al:ge scale,  an invaluable 
sl\dge-saDstimes called soybean "foots"-is produced and 
collected. '!he sl'ld3e is further treated usin) exi.st.in) 
methods. 

Effects of I.ccatia'l, SeaSCI'\, ani Variety m Rlytosterol Qmtent 

It is 1ll8l.l kncwn that bath the yield ani the o •11a;itim of seeds 
ani their wu:espcniin:J oils are affected by many factors. 'lhese 
in::lude geograpdc locatial (seashore, JIDJI1tains, etc. ) , altitlde, 
soU, fertility o:niiticns, climatic cxniiticns (rainfall, 
ta11erature) , and seaSCI'\. 

seeds, oU, ard presscake shcW.d be collected durin) the 
�iate time periods . Where possible, data m climatological 
factors , soU , ani other cxniiticns shcW.d be collected as wll. 

Q1e of the key features of Indcllesia's sltag pxogram of family 
plamil'g is the decisim to produce steroid ccmtraceptives fran 
Imcnesian plant resouroes . :[)r!esently, a J:eaSa18bly suc:oessful "pl:"""ogrV"n"'Smrmn 
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is umer way for the productiem of solasadjne fran SOl.arun· Solasadine 
can be ocnverted to AID (andmst:a-1, 4-diene-3, 17-diale) by well.-Jcnawn 
dlemi.cal methods . In the united states am western &lrq)e, methods are 
available for OCI'1Vel'tirg sitosterols to AID in ale step em an 
in:1ustrial. scale. 

Indcl1esia has a l.al:qe nll!!ber of plant sa.JrCeS, partiallarly palm 
oil an:l � (pzessnni) , fran Wrl.dl large anamts of sitosterols 
can be extracted. Detailed infar:matiem em the sitosterol CXI1t:ent:s of 
these arxl other oils available in Il'D:rlesia arxl methods for l.arge-scal.e 
isolatiem are needed. A decisim can then be Dl!llde a1 \b!t:her 
sufficient sitosterol fran Indcl1esian saJrCeS exists for ocrJVeJ:'Sim to 
AID usirq a fementatiem pzocednre. 

'lbe Minisb:y of state for Research an:l Tedlnology shcW.d act as 
ooordinatirq agar:y for this pt:OJXam. 

Plan of Actim 

'lbe resources listed in first sectim above shall.d be analyzed for 
sterol oattent a.c::x::m'Cl:in to the pzopa;ed established stamanl 
prooed!JreS . 

'lbe follc::IWinj i.nstitutia'lS shall.d participate in this progzam: 
Barxlurg Institute of Tedlnology, university of Padjadjaran, Bogar 
Agricultural university, Airlan:Jga university, Gadjah Mada university, 
Biot.ec:tux>logy Research Center (Indcl1esian Institute of SCiences) ,  
}qency for the Assessment am AR>licatim of Tedlnology (BPP 
Tekoologi) ' an:l Kimia Fal:ma . 

Fadl institutim shall.d be represented m a ooordinatirq board 
whidl will be respa1Sible for research plannin:J am allocatirq furdin;J 
an:1 facilities ( equipnent) to the participatirq institutia'lS . 

At the initial stage of the pzogzam an i.nventory shall.d be made of 
the �irq research, availability of equipnent , an:l research 
capability in tenDs of trained persamel. . 

Research activities shall.d incll.de clear 1:az9ets within a five-year 
period. 'lhe first thme years wruld be devoted to analysis an:l 
laboratory-scale isolatim an:l the last two years to scalirq up 
experiments on extractim am oawersim . 

A periodic evaluatim of the overall pt:OJXess shall.d be ocn:Jucted 
at the erd of the fiscal year, at whidl time eadl institutim shaJl.d 
sutmit an anrual. Ieport. 

SUfficient f\.1ms shall.d be allocated the first year to make 
available at least ale gas chrallat.ogii!fb, ale HPIC ,  am ale short-path 
still for all participatirq institutia'lS, as well as the general 
laboratoey glassware an:l dlemi.cals needed for the tasks described here . 

It is expected that u.s. institutia'lS actively engaged in steroid 
research am developnent such as the Research Triarqle Institute (Rl'I) 
will provide short-tem trainin;J for the In:Jalesian scientists 
participatirq in this project. 
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A-P•ii¥J that Inlb'-.ian sources of sol.ascdine am dicsgenin fran 
plants m:e c:xJIPititiva em the warlcl JIIUkst, it arpmrs that the best 
plant saurces m:e: (1) §glnmp SW· (SOl.arua kbasinaum aid §glnmp 
pnmimt;tpg) , and (2) Q:wh• or DiOBCQJ;ea. QJ!prative agraadc aid 
critical analytical data shculcl be deval.qai to select the SOlanD 
species to be gnM'l in Il'Kkl'lesia aid its mst suitable gecgmpdc 
locaticm. 

Plant call and tiSSIJe all.ture systaDs can be used for the 
pz:c:pgaticm and iDpravaaent of fiel.d-a1l.tivated plants. Qlllect.ial 
p:cblems (thamy leaves) aid plant diSMse DBY be associated with 
SOlarup species. Plant tiSSIJe all.ture is useful for micr�cpagatin} a 
SOl.aJup elena of a plant selected fran the fielcl that cxntains , for 
exmrple, a desiJ:ad lllat}ilology, solasodine CXIltent, or disease 
resistanca. Plant cell aid tiSSIJe all.ture syst:al& can also be used 
directly in the labaratm:y to select .iDp:oYad SOlanum plants with the 
desiJ:ad JIIOI:Iilology, solascxtine CXIltent, disease Z"eSistanca , am stt:ess 
tolerarx::e. 

A SOlarup tiSSIJe all.ture systaa subjected to substrate, mtritial, 
growth regul.atar, and st:t j ss shXties J1BY be used to urderst:an1 
solascxtine p:cduct:.i.cm or iDp:Jrtant steroid biotransfamatial processes. 

Plant cell aid tiSSIJe all.ture systaDB will also be useful for 
deval.qd.'¥) a cost-effective method for in vitro producticm of 
steroids . Pres ltly, the productial of steroids usiDJ plant cell am 
ti SSIJe all.ture is nat cost-effective. 

Finally, iDprcMad coardinaticm am CXJDDmicaticm m:e needed aD1CDJ 
participants in the resean:b am deval.opoeut of a steroid producticm 
pz:ogxam. 

MarpJwer Devel.opuent 

critical steroid analysis is needed. o::apetent persan.U for 
GC/IfPU: m:e new avail.abl.e in Imcnesia, tut there is a critical 
shartage of instruments, dependable electrical power, am SUJ;plies 
l!hich sbcul.d be can:acted as SCXI'l as possible. 

'lhe mini:aum mcl.aJS of persamel. needed for plant cell am ti SSIJe 
all.ture biotec:i'lmlogy is pz:esaltly available in Imcnesia. Additicmal. 
persan.U m:e needed for all aspects of work in plant call am tiSSIJe 
all.ture biotec:i'lmlogy, i.n::l.min:) plant .i.Dpmvement, suspensicm culture 
am scale-up, biotransfamaticm, am gem plasm oonservaticm. 
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u.s .  -Imalesia Qqaat.icm 

Ocqmative p!ograDS cxW.d be established a1 ct"q) iJiprcMIIalt ard 
ocmservat.icm with the universities of Colorado, Florida, '181 as n, 
Minnesota, ani Wiscc::ndn, and the u.s.  Department of Agricul.t:un, ard 
a'l suspemd.a'l all.ture, scale-up, ani biotransfcmat.icm with oarnan 
university, mdvarsity of Telll?saa, state mdversity of New Yadt, ard 
mdvarsity of Minnesota. 

Inda1asian gcMm'IIISI1t arxl u.s . tum& 1II.1St be � to SlJRIQrt 
l.abaratmy t:raininJ and to obtain SJR)lies, etc. Persa1nel. &a1t abnlad 
shculd receive •w>rt to visit u.s .  1aborat.ories and to atten:l u.s. 
natia1al. maetirJ;Js . 

'!his group first identified several classes of steroid CXIIpCJUI'ds 
sud1 as CD'lb:acaptives, oarticosteroids, anabolic agents, diuretics, 
arxl ardlogens, that DUSt be produced daDestically. 'lhe group felt that 
priority shall.d be given to cart:raoepti:ves, corticosteroids, ani 
anlmga&, b1t mt ne:essarily in this omer .  

'lhe group also disalSSed the various pathways in the pt'Oductim of 
the three classes of steroid CXIIpCJUI'ds, ani detennined the �, 
equipDent, arxl annual cperatia'lal. bldget needed to carey a.rt: the 
p!ogram. An agmeaaJ.t was also reacbed a1 saae aspects of W1ere the 
p!ograms shculd be iDpl.E!IDf:!l1ted. 

It is :r:80! ""Prdad that efforts be made to produce the followin) 
steroid CXJII)CUDI as quic1cly as possible: 

o cart:raoeptives: ethynylestradiol, :uestranol, noret:hirdrale , 
l'lOl:ethirm:'a enanthate, leva10X'CjeStrel, medJ:axyprogest 
acetate, arxl desogestrel. 

0 Corticosteroids: predniscme ard prednisola., oorti.sa1e ard 
hydrocortisale, ard dexamet:haza1e 

0 AndrogeiiS: test:ost.erale ard t.est:cst:era1e like CXJII)CUDI. 

'!he productim of these steroid CXJII)CUDI shalld be carrieci a.rt: 
aocord.irq to the followin) pathways: 

o Total synthesis for levalOXgeStrel. (Figure 1) ard des::gestxel. 
(Figure 2). 

o Partial synthesis frail sitosterol to noret:hiJm:cme ard the 
estrogens (Figure 3). 

0 Partial synthesis frail steroid sapogenins to 
madmx:yprogeste acetate, oarticosteroids, ard anh:ogeJIS 
(Figure 4). 
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HeO 

MeO 

- 2 6 -

l J c...o3 
. (Z) Microbial 

. �----------------------------------� 

n 0 0 : 

Z) HCl 11) Birch reduction 
;•) [511 , T5fl 

SH 

n 0 9 
. 

Hz�0 
H H 

d A A LiC. CH 
-...;; ......_. r•H r z  LNHz 

IIMF' or 01·150 
Oesogestrel 

FIGORE 2 Synthesis of descgest::cel frail D-138-ethyl-3-methaxyga1a-1, 3, 5 
(10) -trien-1713'"-ol, a precuraar of o- (-) migestrel . 
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0 

Sterols 

- Arthrobecter simplex 
l Microbes 

AOO 

- •tycobecter phlei 

0 
[Oil 

oo· 
pTSA 

0 

Lt, .... . 

L1C a Cit ItO 
C Hltz tHiz Ethynyl Estradiol 

0 

•zCHzriS� (Clll),SO,a 

� - ,(� 
---- I I 3-Hethyl 

HO � Cti30 � estrone 

Estrone 

J 1) (CHJ)zS04 llllz OH I [ 1111z LtC • Cll 

2) HaBII4 ............ ,) --C�CH 

{:6 
OH .J [Uti 

Ull , 

Mestranol 

. . 

1) CH a Clt, rNHz 
L NHz 2) H+ 

0 
Norethindrone 

OH 
-- C e. C H  

mtxed anhydride procedure 
llorethtndrone Enanlhate 

FIGURE 3 Partial synthesis of 19-nor steroids am the estmga& fran 
sterols. 
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[ D1osgen1n or Solasod;ne I 

A cO 
16-DPA 1) H2/Pd·BaSO-' I 1 atm,9') min 

2) Hydrolysis 

3) Oppenauer 
oxidation 

0 

l! . 
Ale�� r--· 

HO)'" 

A cO 
DHA 

- 28-

0 

Progesterone l .. , .... ,, '\;."""''' 11) NaBH4 2) Hydrolysis 
l) Oppenauer oxidation OH I �-� if� 

110-0H 170-0H \ 

0 

I chem1o:al CHzOH � 
Lo 

HO t::-aH 

0 

0 
Prednisolone 

0 0 
012 

1) LiAlH4 l 2) Hno2 
J) H2/Pd 

0 

Preclntsone 

FIGURE 4 Partial synthesis of medraxyprogeste acetate (MPA) , 
t:estost.erale, am oortioostemids fran steroid sapoqenins. 
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To initiate the progz:am, sitcstarol ard optically active trieD:)! 
shalld be bpntad; 1� ocul.d be prab:ai dcmestically. '1he 
IIi� J'188I'B3 to carey out the mi.c:rd:»ial CCI"JVerSians CD.lld be 
ci:Jtainecl fran established stock all.ture collectiaw abroad. 

'1he followin;J peratil.:l. will be J'188Md to carey out the three 
patmays : lb.O. degue holders, 3; M. S.  degue holders, 3; 
t.ec:bnicians, 9 (3 x 3) ; ard administrative peratil.:l., 2.  

Table 1 lists the eqnipnent needed for the progz:am described 
bEe . An investment ccst of tE$1 millicm is anticipated. '1he anB.1al. 
bDJet for c:peraticm, il'¥::1\Xiin;J <XniUIIBbles am equipDent �, 
walld be lE$500 1000 • 

TABIE 1 List of &;pdpnent needed 

ADtaJ:y vao•n avaparatar set (1 liter) 4 
ADtaJ:y WOJID evaporator set (1o-20 liters) 1 
FJ:eeze dryer 1 
BaDple dryer, vaoDn ard heater 1 
Ballple dryer, vaoDn, dessicator 1 
AutaDatic water distiller ard danineralizer 1 
oven dryer 1 
oven dryer am ilnlbatar 1 
Freezer am refrigerator for saDples 1 
Freezer deyer-lypqililizer 1 
aJrner for glass blowin;J 1 
Air OCil'pr8SSOr for glass blowin;J 1 
Fracticm collector 5 
Semipreparative fracticm collector 1 
F\1me opx>am set 1 
'l'q) loadirr;J bal.aro! 1 
Analytical balance 1 
SOlvent distiller set 1 
Saxhlet �tus 5 
water bath s 
'lbel:mlyne heatin;J mantles, sizes so, 100, 200, 1, 000 m1 4 
'VaoJIDD pmp 2 
Micro meltin;J point �tus ('lb::lllas-Hoaver capillaey meltin;J 

point �tus :ardels 6406K am 6406H) 1 
Autoclave 1 
Magnetic stirrer ard heater 2 
Mi� 2 

Miet• a::q:e, polarized 1 
l(8r pellet maker am presser 1 
Aspirator 1 DDtarized 5 
water aspirator set 10 
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Olol Ace cooler 
stirrer bars, :amty sizes 
Col\llll'l (glass) 1 large, JDE!ditD, and llllllll sizes 
separataty fumal. , :aBJ1Y sizes 
Pressure ecpU.izin) fumal., various sizes 
Heavy duty mixar and blader 
water p!rlfier far ultra p.zre 
Irx:ubatar/shakar 
Ifi meter 
Olol roan storage 
Gas chranat.ograpl (GC) + aocessorles (Flame Ializatiat 

Detector ,  'IheT1J!II!!l Ccn:hJcti. vity Detector, 
El.a:lta1 capture Detector) 

Gas tuber far N2, lf:21 Ita, Ar, and � 4 
Air pmp, aut:.aaitic far GC 
Cllranatqe.ck far GC raxmiar and pto: or 
High-perfOJ:1Dal"'! l.i.cJdd c:tu:auat:.ograp1 (HPU:) 1 gradiatt, cooler, arrl heater 
Misoellanecus ool\D18 far HPIC 
HPIC oolUIII'l paclcBr and oolUIII'l SPJRK�It& 
Enpty oollml far GI..C 
nlln-layer du:anat.ograply :p!ICkaga 
Collml dlrcmat.ograply paclcage 
I� du:aDatog:capty pedaqe &Jpty glass oolUIII'l far � 
Infrared spectraoeter 
Autauatic polarimeter 
HPIC scanner 
uv-vis spectz'qi1at:.a 
Persa1al. OCIIplter arrl printer 
Tape :racat:dar 
camera am aooesPOI:iea 
Glass vessel. am �tus 
�E 100 !liZ sp:cttUII=-ter with 13c and ltl 
Dteiciinj st.ererm del s (Rimo Instruma1ts Co.) 

It:§ms listed in the 1986=1987 Al.dricb catalog: 
Adapters (A>· 1584-1588) 
Pyrex gas wash.irq bottle (A>• 1606) 
Gas c:xmenser bottle (A>· 1606) 
o:n:Jensers (A>· 1634-1636) 
Desiccators (A>· 1639-1640) 
Dryin) tmits (A>· 1641-1642) 
Distillatiat equipDent (A>• 1645-1649) 
Aldricb All-i.JKme Glassware kits (p. 1649) 
Filter funnels (A>• 1653-1656) 
Variable speed DDtor 
Variable transfOl.'lDer 
Extracticn thiJJbles (p. 1663) 

2 
20 
20 

1 
1 
1 
1 
1 

1..t 

1 
1 

10 
10 

1 

1 
1 
1 
1 
1 
1 
1 
1 
1 

1 

1 set 

50 
10 

5 
15 
10 

3 
3 
2 

25-50 
10 
16 

100 
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Fl.ash-YacluD t:hf!rw>lyais (p. 1664) 
Dewar fl.askB (p. 1674) 
Flow mat:em (p. 1676) 
Flow .indicatars (p. 1677) 
Gas aa:eaa:a:iea (A>· 1683-1686) 
Ganges (p. 1687) 
niazald Kit far the safe pn!plrll'tial of diazc:mathane 

(p. 1716) 
o:u:ni.DJ organic a.dst.ey Gl!lii'Hll:8 kits (p. 1720) 
M:i.cu:sacale argan:i.c labaratal:y glas-m:e (p. 1721) 
lJJbri.c::ants far stirrer 
gm sanple tubes (p. 1728) 
gm tube cleaner (p. 1729) 
Iii papers HlatochaD:I.cal eqdpnent (p. 1734) 
Eye protectars (p. 1747) 
Protective clothi.D) (p. 1748) 
stirr.'ar blac1es, Teflcm (p. 1758) 
stirr:ar bearin;pl am shafts <A>· 1758-1759) 
Sb MJEt1'B (A>· 1760-1761) 
SUblimat:i.cm eq1ipnent (p. 1763) 
Cl.anps 
I.att:i.ca SlJRKil't syst:aa (A> 1764-1768) 
lab jack& (p. 1770) 
'lbeDaDeter with gEQDi joints (A>· 1782-1783) 
Volumetric ware, cyl.iJders (A>· 1806-1812) 
Parr hydrogenat:i.cm 8JPmtu& (bath low am high pressure) 
'lbeDaDeter 
Snap-em all-p.1EpOS& lab tool sat, 95 pieces (Z14, 864-4) 

1 set 
10 
3 

10 
10 
10 

2 
1 
1 sat 

10 jars 
5 

1 set 

20 
20 
100 

1 
50 
10 
25 
10 

100 
2 

10 
1 set 
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PARI' III 

WO!:kiDJ Group Papers 
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status of Raw Matarial.s for the PJ:cductial 
of oral Qmt:raceptives in Indalesia 

Jblroe E. Wall 
a.dst.ey and Life Sciences Divisiat Group, 

RaseaJ:dl Tri.arJJle Institute 

IN'lRUJCl'IQ{ 

'lhis paper describes the c:m:zeut lllm."ldwide status of a variety of 
steroid saJrCOS for the prcxluct.ial of steroid hcmla1es, and it :Iel.ates 
this infomaticm to the status of artf saJrCOS of steroids that JJBY be 
available in Indalesia JXJW or in the futm:e. 

About 35 years ago the u.s. Department of Agriauture (USDA) , with 
special CXIXl:I'ESSicnll. 1\.JniiJJ;J, initiated a program that was saDSWhat 
similar to that JXJW under way in Indalesia. 'lbe united states wished 
to establish saJrCOS of steroids for the prcducticm, initially, of 
c:mtisale , and later of CXI1traceptiva steroids, i.ndepement of foreign 
saJrCOS . 'lhis authar was in chaJ:ge of the ctardcal studies and 'WOrked 
closely with botanists and agraDDists in the USDA Plant Introducticm 
Group. over 6,000 plants -were investigated. 8aDe of this experi�, 
iD:l.ldirq saae of the mist:akes, JJBY be useful even at this time , sane 
35 years later. 'lbus, DUd1 of the folladn) is based em the experi� 
gained in the USDA prog�:am. 

RAW MATERIAIS 

steroid Sapoqeni.ns 

'lhese oalplUI'Ids are a1mcst always foum in nature in the form of 
steroid CD'ljl.¥Jates in 'Which the steroid (usually at the 3-hydraxyl 
positiat) is linked to a n'lll'iler of su:J8r mlecules. 'lbe free sapogenin 
is usually liberated by acidic hydl:olysis (Wall et ale I 1952) I bJt 
plant or fur¥]al enzymes can also carey cut the hydrolysis (Krider am 
wall, 1952: Krider et al.,  1954) . Imeed, this is often the way 
hncogenin is d:Jtainnd fran sisal juice. 

'lbe structure of sapoqenins and the plants fran which they are 
derived are shewn in Figures 1-3 am Table 1. Hecogenin and diosgenin 
are the ally steroid sapoqenins in ocmnercial. prcducticm at this time. 

In an extensive survey, hecogenin was foum in many � species 
gra.drg in arid reqia'lS of northem Mexico am the sart:hwestem united 

- 35 -
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Typical Structure of Steroidal Sapogenins 

H 

I. R • CH3• R' � H. Sarsasapogenin 

II. R • H. R' � CH3• Smilagenin 

Hecogenin 

FIGORE 1 Typical structure of steroid sapcgenins. 

states (Arizaa and New Mexico) • Hecogenin was usually the predan:lnant 
sapogenin, at times mixed with its 12-desaxy analogue tigogenin. 

� sisal.ana, a plant with thick, lCDJ (3-4 feet) leaves grown 
for fiber, cxntains variam cxxK:&Itratiaw of hecogenin. In our 
experience the sapogenin cattent was usually 10111, 0. 1-o. 2 percent MFB 
(mist:m:e-free basis) • Dlrin) fiber procb:ticn, however, a luJe volume 
of juices and wash liquids are obtained. In a large sisal cpmlticn 
cilserved by this author many years ago in Haiti, sudl liquids were held 
in luJe tanks, and an insoluble sl\D;Je OCI'l't:aiJUnj hecogenin cxW.d be 
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Peeudod1oeaeo1n Acetate 

16-Dehydropreanenolone 
Acetate 

1 c, .. , 

FIQJRE 2 Degradatia1 of diosgenin via peexb:li.oegenin acetate to 16-dehydrcpz:egnlme acetate. 

Order 
Liliales 

I 
Family 

; 
Liliaceae 

GeJus 

I . 
Agapanthus 

Chlorogalum 
Molina 
Smilax 
Yucca 
TrilliUII 

I Al::aryllidaceae 

GeJus 

I Dioscoreae 
I 

Genus 

I 
Agave DiJscorea 
Hanfreda 

FIQJRE 3 Botanical rel.atimships of sapogenaceoos plants. 
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All ._... T,aa 
Name Fillion at C2S Sublti- rs...t s-. 
Sanas.oposenin I - -.OH Y. Baccata 
Smilocenin I llo �.OH A. � 
a.tarkocenin I - f#, 3,1-{0H)t Y. IChidipra 
Samo«enin - llo f#. --{OHb '· -
Wilbcenin I - �H. ll CO Y. ililw 
llolnot�enin I llo !#. 3i-{OHI:. 12 CO Y. ll:hattii 
Jl;eoticogenin • - �.OH A. lilalau  TiJocenin • ilo -.OH Y. pminlularis 
Citocenin • llo 2a. 3,1-(0H}: A. ll:hattii 
Sisalagenin • - �H. ll CO A. lilalau  
Hecocenin • llo -.OH, ll CO A. lilalau  
Mano1enin • ... 2a. 31-(0H):, 12 CO A. ..a-li 
••�··Hecocenin • ilo 31f.OH, .111 11 1, ll CO A. ..a-11 
Chlooogenin • llo - ···:OH)z . Clalarvplum 
Digitolftlin � 

• ioo to. 3,;-(0H)z Diptalis 
purparea 

Yamocenin ... - -.OH D. butJetdi 
Diosgenin ... ·liD �.OH D. -posita 
YucocaceM ... llo Jor. --(OHII Y. m-.-I: a..-..• ... llo to. --(OH)a. IJ CO Y. ll · -
Cntropnill ... .. .. OH), l! CO D . ......._ CanellopDilt ... - 3jt-(0H), ll CO D . ......._ 

obtainecl fran the enzymatic hydrolysis of wateJ:-soluble sapaUns to 
insoluble sapogen.ins. '1he solids were reooven!d by oentri�tim. 

only ale cxwrpany, Glaxo in En:;Jland, utilizes heoogeni.n, which is 
obtainecl as a by� of sisal fiber productim in East Africa. 'lbe 
sapogenin is oawerted to a oorti.sa1e analogue in a oatplex, Dlll.tistep 
synthesis. 

Heoogeni.n is nat useful for the productim of OCI1traoeptives, 
:t'lowever, and cxmnercial sisal productim in Imalesia is limited. 

sarsaspogenin ard Smilagenin 

5arsaspogenin is fan'd in many � species, which 9J:t'lli in the 
same generally arid habitats of mrt:hem Mexico ard the SCJUtl'BNestem 
united states (al.DDst identical smilagenin is fan'd in � lechegni l la  in Texas) • At ale time the Indians native to these areas 
used the plants for detergents and for fiber. 

Although the sap:genin content of the varioos yucxa leaves is nat 
high, rarely exceed.in;J 1 . 0  percent MFB, this author fan'd very high 
oc:n:sttratia1S of saponin in the seeds-fran 6 to 12 percent (Table 
2)  • 1his is indeed a reasooable startin;J point for steroid honlale 
producti.m, if sufficient plant volume is available. 

Sarsasapogenin was readily extracted in sizable quantities and 
converted to 16-dehydro-5 -pregnenolale (Table 3) . Although the 
process was a technical S!JOOeSS , a profitable price for the sapogenin 
or its 16-dehydro-degradtim product ocW.d nat be obtainecl fran 
pumoaoeutical cx•prmies. Similar 16-dehydro steroids fran smilagenin 
fan'd in � lecheauilla also tumed art: to be nat viable 
ecxn:mically. '1he lessm to be leamecl is that starti.rg materials sudl 
as sapogen.ins, or intermediates sudl as the 16-c:lehydrq:n:e, 
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Species I.a::atial sapogenin, % MFB 

Yucra arizarl.ca 8althem Arizala sarsasapoqenin, 12. 0 

Yucra baoca.ta SUperior, Arizcma sarsasapogenin, 6. 8 

Yucra breyifolia st. George, utah Tigogenin, 8 .  0 

� Jl!Qhay!msis san Diego, calif. sarsasapogenin, 6. 6 

Yucca sd)Qtii Fort ll.1acbuca, Ariz .  sarsasapogenin, 4 . 9 

Yucca SW· 8althem Arizcma sarsasapogenin, 4 . 5  

Yucca SW· Semora, Mexico Sarsasapoqenin, 6. 2 

Yucca SW· Chihuahua, Mexico Sarsasapoqenin, 7 . 9 

TABIE 3 Kay Features ard Plant scm:ces of sapogenins fJ:aD l<lrl.ch 
16D is Derived 

Kay Features Plant Salroes 

Di.sogenin, 6 5 niosooxea � 
yaDKJgeJrl.n stachya, CMtpositae 

floril;mpa 

Genb:ogenin, 6 
s, 12-keto ,D. §12icul.iflom 

correllogenin 

Hecogenin S a, 12-keto Many �, A· sisalana 

Smilaqenein ss A· ledleguilla 
sarsasapoqenin s s Many Yuc:xta' 

I. schidigera 

Tigogenin Sa Many �' sane 
�' I· penin-
sul.aris 

Willagen:in 56, 12-keto Yucca filifera 
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cannat mnal.ly be sold at profitable prices. It is neoessuy to 
proceed to praductia1 of the final useful steroid hmDI:nll. drugs. 

Dicegenin an:i SOlasodine 

'!he pia1Serin:.J efforts of Rnsse' 1 Marker almost 50 years ago 
resulted in diosgenin revolutiadzi.rg the steroid hcn1la1e imustey. 
Diosgenin, mi.c:h is fam "WOrldwide incl.ldin) IrD:mesia, occurs as a 
sapcnin, dioscin, in the tubers or the :dlizaDes of many Dioscorea 
species. In Mexico, tubers gmwi.rg wild am of urx:mtain age have been 
fam to CD'Itain s-a percent dioagenin (MFB) • '!he diosgenin cxmtent of 
IrD:mesian Diosc:Q'ea is usually DL1Ch lower. '!he mizaDes of various 
species of Q!zh•, mi.c:h grc:JIIi well in IrD:mesia, have been fam to 
CD1tain frail 1 to 3 peEU!IIt dioagenin. 

FnD whatever source, diosgenin has great versatility. '1hus 
pmgest.exme, am thenby certain orally active pmgest.exme analogues 
such as Pmvera, can be derived frail the readily obtained 
16-dehydrcp:regrlme (Figure 4) . Alternatively, the well-&!velqai 

16D-Ox1M 16-DehJdropreaaeoolODe · 

1 1 

6 
Aodros tenolone 

��  16 , 17a-Epoxide 

! 
Es tradiol 

l Clll I 
C•O 

cr Test asterODe 
19-Hor ta.pounds 

17.-oB Derivatives 

FIGURE 4 structure of progest:.erale . 

Preanenal
Proaestero• 

CorUcot .. 
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JDi.cr:d:)ioloqical hydmxylatiat of progest:.era1e leads to oortiscme am 
many other useful cortiocsteroid hol::DaleS. In still another directiat, 
16--debytlrqD:egr&'K)la18, by a straightfm:ward c:h•dcal xmte, can be 
ccnvarted to the useful c-19 steroid :txmlrne pmcursor 
dehyd:ro.isoandJ:cstera (IJIA) • IJIA can then be CXI"1Verted to the 
iJrpntant l.9-1'KJr steroids am estrogens , which are o lila& Its of many 
c:xmtraceptive chu;pl (Djerassi, 1976) . 

Solasodine is a steroid alkaloid fam in a nlll!ber of SOl.amJm 
species that can be grown in ID:klnesia. Berries or fruits of 
.s .  khasiamp. am a .  laciniatum have solasodine cxmtents up to 
4 pmu::nt. 'lhe c:.baDistey of sol.asodine after side chain degradatiat is 
identical to that of diosgenin (Figure 5) . 

Plant sterols 

until the early 1970s, diosgenin frail Mexican sources daninated a 
large sector of the steroid :txmlrne market . Restrictive practices by 
the Mexican �' hcwevar, led to a search for other sources . 

In the united states , enmiDJS quantities of soybeans are precessed 
for the oil an:i residual Dall. . Soybean oil CD1tains abalt o. 34-o .  38 
percent total sterols of which sitosterol CXI'lStitutes abalt 53 percent 
and st.igmast:eml 23-24 paroart: (Gutfin;Jer am Ietan, 1974) . several 
billiat bJshels of soybeans are produced each year in the united 
states , am almost all the soybean C1"q) is processed for oil . A sterol 
mixture is a1e of the by-pmducts of a treatment nonoally used to 
refine c::rme soybean oil . '!his mixture is sold C'XIIIDel"Cially an:i can be 
further processed by a OCDplex oamtercur:rent solvent treatment to 
yield 95 peroart: p.1re stigmasterol an:i 80 percent p.1re sitosterol, 
suitable for further fementatia'l to c-19 steroids . 

other souroes of sitosterol irK::l.me tall oil , a by-product of paper 
mills usirg pinewood, sugarcane wastes or oil , rice oil , am palm oil. 
Na1e are in O ""ercial use, nor have the precesses for obtainirr;J the 
sterol ecaoni.cally been wcrked cut in detail . 

FIQ.JRE 5 
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It has been C] aimed that 400, 000 lcrJ of stigmasterol are available 
fran u.s.  scurcaa. 'l1lis steroid is nadil.y ocnverted to � 
(Figure 6) , ani CXIIpiJ:8B fawrably with the ptocess usin;J ciiaagaU.n. 

Unless soybean oil is available at a large scale, stigaast.aml camot 
be a:nd.dered far Imcnesian use. Pamapa the c::rme sterol m.ixtm:a 
cxW.d be pJrCbasad cileapl.y as a starti.nJ aterial.. stigmastarol. is cme 
of the •jar steroids used by the Upjcm Qmpmy far synt:haais of 
prcgest:.eza1e and t:bJs cart:icxlstaJ:oids and the ara1 CXI1tracept.iva 
P.rovera. 

RO 

Stipaa terol Rydroxy-bia-nor-cholenic: Acid 

Presnenolona Prosaa terone 

FIGURE 6 CDwersiat of stigmasterol to � . 
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Sitosterol 

Sitosterol is an ubiqrl.tous plant sterol fcmd in virtually all 
plants and plant parts. until the late 19608 and early 1970s, this 
sterol and the eqaml ly ubiqrl.tous animal sterol dlclesterol CDll.d net 
be used far steroid hcmla1e procb:tial. A1Dalt siDul.tanecusly various 
u.s .  pata1ts (Kraydly et al. , 1972) and a paper (Marsheck et al . , 1972) 
� at ccnvartin;J sitastarol ar dlclesterol as well as other 
sterols to andmst:a-1, 4-di.ae-3 , 17-diale in good yields usi.rg a 
particular strain of MycciBcterllD ar, alternatively, another 
�lD strain to fom ardJ:ast-4-ene-3 , 17-diava (Figure 7) • As 
will be shewn in later present:atia1s, these � are versatile and 
easily cxmartible to 1.9-rKJr steroids ar ring A anmatic steroids. 
'lbus, they are excel] ant sources far CD1traceptive ch'ugs . Aldcstercme, 
a steroid diuretic, can also be prepared frail such sources (Djerassi, 
1976) . 

HO 

Sitosterol Choles terol 

/ 
Hyob a c terium sp . NPRL-3863 , 3 805 

0 / 

0 

FIGDRE 7 Mic:rci>iological oawersial of sitosterol to 
anlz:06t-4-en-3-a1e. 
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ltrlch steroids ani plant sau:ces shculd be ael.ected far furt:bar 
study in Imalesia, 181!1diD) to the pralJctim of OCI:d:i:aoeptiva chu;pl? 
It is evident fran pnwiaB stncJies that the sapc:gadn CCI'lta1t of Jlalt 
plants currently fami in Irxb&lia uay be too low far eccrDDic 
prcxb:::t:iat of the starti.nJ steroid. PJ:cbla111 with cultivatia'l, such as 
disease ar thams in the case of SolaJ'Ilm, have also been a'1CCAD'lt:al:a. 

at a l(D)-rarw;& basis, the DBrked advaiD!S in biotecimology, Wrl.c:h 
are �  with increasin;J rapidity, uay be useful . Far fDQ�!!�?le, if 
the genetic pat.tem of Dioscar;ea cxW.d be altered to obtain 
high-yiel.d:in), disease-nsistan strains that give yields of at least 
5 pen:att in blo years, ecaanic prcductial might be possible. at the 
other hard, a high yield cxW.d pemaps be obtained by cell cultm:e. 
Simi lar questiaw IJA)ly to the OJst:us ani SolaJ'Ilm species. ltrlle 
advances in biotec:tmology make such � less wild than they 
'WCUl.d have been 30 years aqo, iuplementatiat of these �  'WCUl.d 
still mquire at least 5-10 y&am. 

It is also time to begin large l.aboratoey-scae, ani then 
pilot-scale, stmies of the conversial of dicegenin ar solasodine to 
1�1a1e ani thereby to ardtcst-4-ene-3 , 11-dia1e. Far 
this pnpose, sufficient starti.nJ material far the isolatiat of 
diosgenin cxW.d be collected ar pm:tlased. Far sitosterol ani 
dlclesterol, Irxb&lian scientists cxW.d cc 1111191'¥2 feDDelltatiat 
stmies. Bath of these areas, which shcul.d be plrSU8d intensively 1 
will mquire trained ctJemists ani microbiologists. 
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Pot:ential Natural sow:oes of Sitcsterol 

1blasih Padmawinata ani soedi ro soetamo 
BaJDJn) Tec:hnolgy Institute 

Early steroid product.:i.a1 relied initially at the ext:ract:ial of 
natural hcmlales fran animal scurces ani, later, at partial synthaais 
� cbol.esterol . It was nat until the 19408, when RnsssJ l MaJ:ker 
shcwad that steroid sapogenins ci:Jt:ained fran plants, in particular 
diosgenin, were well suited to the preparatia'l of certain hol::DaleS, 
that a c::beap!r raw material emeJ:ged. In 1944 , Syntex, the CX'I!'{W'ny 
feuded by MaJ:ker, began the productiat of prcgesterc::l1e fran Mexican 
scurces of diosgenin. At that time there was stUl no large market for 
sex bmmales, b1t in 1949 the actiat of oorti.sa1e in �irr;J the 
syDptc:lla of r.'beumatoid arthritis was di.socNered, thus requirirr;J the 
product:ial of large 81IDJl1ts of corti.sale. 

In the late 1950s, techniques were devel.qm that eventually 
allowed stigmasterol , a CC"Ia&It of soybean oil , to be utilized. 
Finally, the further devel.opiBlt of Jllicrti)iological methods resulted in 
the ut.Uizatiat of sitosterol in 1976 ani the � of 
ctJclesterol in 1978 as precursors (Q:Qsl, 1979) • 'lhi.s paper describes 
p:Jtential. natural scurces of sitcsterol. 

Meat steroid chujs am made by partial synthesis fran suitable, 
naturally occ::urriD) precursors . In 1944 , prcgest.m:me was produced 
fran diosgenin. stigmasterol fran soybean oil is used for the 
productia1 of cort..iocsteroids , as are hecogenin fran &D ani bile 
acids fran animal scurces . Recent devel.q:ments in the steroid iniustry 
have led to the CXJIIIIei'Ci.alizatiat of certain micrti:)iological processes 
that new enable such precursors as sitosterol fran soybean ani 
ciJclesterol fran wool grease to be used . 

'!be main precursors used in the productiat of steroid chujs are 
shewn in Figure 1, ani exanples of ra1tes to the cmtiocsteroids ani 
oral ocmt:raoeptives are given in Figures 2 ani 3 .  
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1 500 

1 000 

A TOTAL 1!1 DIOSGENIN IMEXICOI 
C OTHER SAPOGENINS 
D STIGMASTEROL 
E TOTAL SYNTHESIS 
F BILE ACIDS 
G SITOSTEROL 

1978 1980 

FIGURE 1 Productia1 of stemids (tms diosgenin equivalent) . 

Reenec gence  of c:bol.esterol in 1978 is nat shewn .  

DIOSGENIN 

ANDROSTANES 

SITOSTEROL 

PREGNANES 

lM, 1952 
CHaOH �0 �OH 

CORTICOSTEROIDS 

I 
.�� - · �  

� 

\ CH1 

+ ��" 
ANDROSTANES 

FIGURE 2 Rcutes to the oorticostamids. 
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! 
0 'HO-CtSP 

19-NOR ST R IDS OH .cif1'CH 
. ����g��f�bNE cg NORETHISTERONE 

# 2!- I \ HO � � �H� 
CHOLESTEROL ANDROSTA- • ESTRONE DIENEDIONE 

SITOSTEROL ANDROSTENEDIONE 

FIQJRE 3 Main n:utes frail starols to products . 

Sl'EtUS 

ANDROGENS 

~ 
cg TESTOSTER ONE 

sterols, the BBt widely distril:uted group of steroids in the plant 
kin;Pan (incl\dirq algae, furqi, an:l higher plants) cc•aaaauy occur as 
mixtures of sitosterol, ampesterol , stigmasterol ,  an:l other sterols. 
'1he exact o •ataJitim depems m the saJl'CB . Afri utilizatim of 
sitosterol or stigmasterol requires therefore a readily available 
scuroe and a means of separatirg the desired sterol fraa the other 
sterols present. '1he increasirg ca'lt.ribltim of the sterols to the 
productim of steroid chu;pl an:l oc:ntraoept.ives is shewn in Figure 1 .  

sterols as a By-product of Irdustzy 

Sitosterol ard stigmasterol, utilized in the present productim of 
steroids , are by-pmducts of soybean oil processiD). '1hese sterols are 
cattained in the lDlSapCI'lifiable matter of the oil . HJst fatty oils 
cart:ain 0 . 1-2 . o percent l'1CI'lSapOI'lifiable matter. 

'!be DBjor oils ard fats produced -warldwide are shewn in Figure 4 ,  
an:l the n:msaparl.fiable ca1tents are given in Table 1 .  '1he productim 
of soybean oil will have daJblecl by the year 2003 , alt:.hcujl its share 
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will :raaain 22 percealt of total oil pmduct:.ial. Palm oil pmduct:.ial 
will iJx:rease frail an anrBJal. producticm of 4 .  5 millicm ta1S far the 
period 1978-1982 to abaJt 21 milliat ta1S far the period 2003-2007 . 
'1ha producticm of other oils will also increase. 'lbese oils, wl1cse 
by-products are not utilized, shcul.d be cx:nd.dered. 

Natsaptxdfiable matter cxmtains various sterols with different 
o••t'OSiticms, b1t of these sterols presE!IIt auy sitcsterol am 
stigmasterol are utilized after they are separated usinJ camt:eraJrrent 

1 97 8- 1 982  

....... .... 

c�•-·• ,. 
" '- � " "'''' 

G"" 

Average 1nnual production: 
56 . 2  ntil l ion Ions 

p '"" •··· 
"' 

201)3 - 2110 7 

Awerage annual JHoduction : 1 04 . 5  ntill iott tons 

FIGURE 4 Shares of total producticm (percent) of the major oils am 
fats, 1978-1982 am �ectiat far 2003-2007 . 

. . .. _ .... 
..... 
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1MI.E 1 Pmoeut of Na1sapa'lifiable Matter of the Major Olls 

ou 

OXxn.lt 

Faarut 

Palm 

Qlm 

Rapeseed 
SOybean 
cot.t.cmseed 

Slmfl.cwer 

Al.Da1d 

Oliva 

Sesame 

Plant 

Clxxll mcifera 

Arachls hypogaea 
'RJM1' gu1neereis 
.z. laD 

Bpfl§ica 

Gycine max 

Gcssypi'P hirsutlD 

Helianthus 

Prums I!I!!US!¥!1 us 

QliD 9 II YQAQI 

sm=pp irdigJIIl 

Na1sapa'lifiable Matter 
(percealt) 

0 . 2  

0 . 5-0 . 9  

1 .5-2 . 8  

1 .5  

1. 3-1 .5  

1. 1 

0 . 3  

0 .75 

0 .4-1 . 0  

0 .9-1. 3 

crystallizatial. Figure 5 shews the O "t'OSiticm of soybean sterols, 
ard the isolatiat scbema of soybean sterols is given in Figure 6 .  '!his 
iaolaticm method CDl1.d be adapted to separatial of the sitosterol 
cxmtained in other oils. 

Tall oll , a by-prcduct of the pllp .i.rdustry, also oart:ains 
sterols. It has not been utilized because it is fOl.ln:i in :t:elatively 
small quantities . Yet another source of sterols is presslllld fran the 
IUjarC8J18 .i.rdustry. 

sterols fran Higher Plants 

'!be sterol CXI1tents of varials plants have been plbl.ished. one 
exanple is the sterol cat;mitial of the seeds am mature plants of the 
O.tcnrbitaoeae family (Akihisa et al . , 1986) . 

criteria for the evaluatial of tl1ese sa.u:oes of sterols-such as 
tedm:ical feasibllity, avail.abllity in Irdalesia am abroad, 
mrl.versality, am ecaJCIIli.cal feasibllity-11L1St be established. 
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H 

HO HO 

Cho l es tero l  ( t race )  Brass i ca s t e ro l  ( t race )  

HO 
"CUIJ)e s t e ro l "  (20') S t i gma s t e ro l  (20:t) 

HO 
S i tostero l  ( 53\ )  

HO 
AS - Avena s t e ro l  ( 3� )  

HO 
H 

67 - s t i gmas te ro l  ( 3' )  67  - Avena s t e ro l  ( 1 �) 

FIGURE 5 

Copyright © National Academy of Sciences. All rights reserved.

Workshop on Biotechnology of Steroid Compounds as Contraceptives and Drugs:  Summary Report, Jakarta, Indonesia, December 15-17, 1986
http://www.nap.edu/catalog.php?record_id=19190

http://www.nap.edu/catalog.php?record_id=19190


E d ib l e  o i l  

S o y  B e an s  

C rude ly O i l  

- 51 -

Deodorizat ion 

Deodoriz� 

C rude Soy S tero l s  Vi.t amin E 

Frac t : C ry s t a l l i z a t ion 

S t igma s t ero l S i t o s t ero l 

and 

Accomp anying S te r o l  

FIGURE 6 Isolatial scbema of soybean sterols. 
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PRXDCl'Iaf QF STEEPID CXJtGWNIS BY 
PIAN!' e&l. ANP TISSUE awruRE 

'!be Role of Plant Tissue Ollture in Hlannacy am Biot:ec:tmology 

E. Jciln staba 
�ll� � Hlannacy, mrlwnicy � �  

Q:aw.i.ncin) evidence exists that so percent or DDJ:e of our drugs 
originate fran microbial products am the higher plants. 
unfortunately, many in the teicimologically advaooed oamt:ries believe 
natural product :researdl to be Ul'liJiportant (staba, 1985) • 

Plant tissue culture (PR:) refers to the in vitro cultivatial of 
aey plant part , whether a sirgle cell , a plant tissue or organ, or an 
entire plant, un:Jer aseptic ocntitici'Js . '!be t.ectmique is saoetimes 
used to replicate am miC£up1qagate plants DDJ:e efficiently for field 
cultivaticm. It may also be used to develop new plants with inprcM!d 
qualities, such as di Mase or hel:bicide resi.st:.aooe or an abilicy to 
CJl."'OIi in brackish water, am to iDprove a plant's cbemica.l O"ta�iticm. 
Sinply p.tt, the objectives are to iDprove the time requiJ:ed to CJl."'OIi 
plants am to iDprove them for field cultivatial. 

Micrcpropagatial is used routinely am profitably in the omamenta1 
industry to produce large numbers of orchids , camatialS, ard fems ; in 
the llllli:ler industry to reforest lam with eucalyptus am pine; am in 
the specialcy crop blsiness in Malaysia to produce palm oil , in south 
America to produce pyrethrum, am in India to produce glycynhlza. Hc:7.i 
this is acxmplished by the PR: t.ectmique is briefly SUDJDarized in 
Figure 1.  -

'!he PR: t.ectmique is also used in the in vitro producticm of 
bicx:bemicals, with the aim of eliminatirg the need to use cultivated 
plants to obtain expensive biocbemicals am the need for special 
climatic oarditialS. To date, ally two camuercially successful PR: 
systaDs have been develqJE!d for this p.1%pOSe-both in Japan. 'lbese 
systems produce an expensive cosmetic dye, shikarl.n , am ginserq 
ginsbkJSides. 

It is .i.qxrtant to mcognize that many types of plant tissue 
culture are CD1Siderably DDJ:e OCIIplex am difficult to CJl."'OIi than 
microorganisms. To umertake plant tissue culture, a part of the plant 
is explanted am grown aseptically em a sinple, defined agar medium 
that contains small c::x:xamt:ratici'Js of growth regulators such as 
2 ,  4-didll.ozq:ilenaxyaoetc acid. If oarxiitialS are favorable, the 
explant will fm:m a mass of unorganized cells krx:lwn as callus. 'Dlese 
cells may be umifferentiated; in many ways they resE!!IIble t:unm' cells. 
If these cells are transferred to a liquid medium, they will 
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grow as either small or large cell 81)31egates. '!hey may be subcultured 
every few weeks, am they are often maintained for i.mefinite periods 
of time . �tes of cells have been grown in CXIIII1elcial. fm:mentors 
c:x:l'ltai.ninj 20, 000 1 or JIICI'8 of medi\DD. SUCh cell �tes are often 
genetically am c:bemically variable, but they saoetimes produce 
significant 8IIDJnts of biocbemicals such as mseerinic acid 
(15 percent) am diosgenin (7 percent) . 

Plant organ cultures are JIICI'8 stable genetically than callus 
cultures, but they are JIICI'8 difficult to grow in large growth systal& . 
Plant explants grown em a blsal medi\DD c:x:l'ltai.ninj in::Jol.eacetic acid 
often fom J:COt cultures, lllhile tl1cae grown em a medi\DD c:xmt.aininJ 
benzyladenine fom shcCJt cultures am tl1cae grown en a medi\DD 
c:xmt.aininJ selected ratios of growth regulators fom ad:D:yoids 
("artificial" seeds) (Walker, 1986) .  callus cultures can also fom 
these same organ cultures 'Wben grown properly. Nomal. ad:D:yoids, J:COt 
organs, shcCJt organs , callus, am even sirgle plant cells can refom 
into a llOl:1llal. plantlet. '!he ability of a sirgle plant cell to refom a 
llOl:1llal. plant withalt fertilizatial is lalOWn as totipot:eD::y. organ 
cultures saoetimes produce seccmaey products JIICI'8 efficiently than 
uoorganized cells-for exanple, cardenolides fran ad:D:yoids, pyrethrins 
fran shcCJt cultures, am scopolamine fran J:COt cultures. Root organ 
cultures have been used to sbdy alkaloid productiem for decades. As 
lcn;J ago as 1965,  a patent was issued to the Merck Ol. (West Gel:many) 
to produce seca'Duy projects fran J:COt organ cultures. More mcesJtly, 
CXIIII1elcial. ca�CemS have been grcwiDJ plant tissue cultures usin) the 
J:COt-in:Jucin) microorganism Aarr'?e'9t8rium mizoqenes to produce 
seca'Duy products . Shoot organ or meristem cultures are most often 
used for micrqn:c:pagatiem processes . Eabl:yoids coated with gels are 
beirg used in the united states for "artificial" celery seed productiem 
am in Japan for the CXIIII1elcial. productiem of ginserq glycoside&. 

Special strategies are saDetimes used with plant cell �tes to 
increase their yields of biocbemicals-for exanple, selectiem of cells 
or organs for high productiem rates: develqment of a bianass medi\DD 
for maxinum growth am a productial medi\DD for high yield (two-step 
process) : use of elicitors for stress imuctioo: am use of ila:lbilized 
cell system . Elicitors are rutriticmal , bol:Dalal , toxic carpall'¥B or 
env:i.ra1111ental c:barges that trigger increased productioo for :reascms 
that are largely unknown (Dioaoo am Tower, 1984) . 

Traditicmal strategies involvin) cart:r:ol of the growth pmse (most 
Often the statiam:y pmse) 1 pH, precursors , am enYiraiDeJ1t DJSt also 
be studied am used ..mere �"iate (Bahai am lOuth, 1985) . '!be 
ocmversiem of ncnJSeful into useful c:bami cals in plant tissue culture 
has also been studied. '!his is ex£111)lified by the ocmversiem of 
digitoxin into digoxin by digitalis cell �tes . 

It is possible to make prot:cplasts fran aseptic explants of pollen, 
leaf mesqilyll cells, am cell suspensicm �tes. Protcpl.ast:s are 
plant cells 1lblse walls have been dissolved by pectinase, cellulase, 
am hemicellulase enzymes . 'lhese cellS are still liviD) 1 hc1Never 1 aJ'd 
they will :refom their cell walls in a mmber of halrs . Nevertheless, 
while they exist as prot:cplasts they may be grown with Aqrobacterium 
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tumetaciens microorganisa& whic::h briiq into the cell bpntant cxded 
plasmi d  aa for, pemaps , di sease resistance, i.np:aved :resistance to an 
unfavarabl.e envirament, increased product prcducticn, or new product 
prcducticn such as swaet:eners, p:oteins, or antibiotics . BecalJSe the 
pratcpl.ast is totipotent, it can be reqezmated into plants that, it is 
hoped, retain the new attribrt:.e as well as the desirable old 
attri.tutes. Plasmid allplificaticn, du:aJrJsaDe i.ntegraticn, ard 
mtenticn are desimd. It is also possible to fuse two prot:cplasts 
fraD diffenmt plant species to pnxiuce a new, .inprcwed plant. 

Prot:q)].ast technology is difficult. Interestin;r experimental 
results ard plants have been cmtained fraD genetic err:Ji.neeril'g or 
fUsicn sbxJi es, b.Jt l'D18 ,  except envirtnDental. selecticn fran p:Jtato 
protq>lasts, have been intzodtnd camuercial.ly. '!be future of Pit: 1II.1St 
be vialed with qJtimism, hawever. As our knowledge of plant PlY&iology 
ard furd:.i.cn ir¥:reases in parallel with biological system developtEut, 
w will see mare SPJCCeSsful camuercial. processes (Q)llin ard watts, 
1985 1 Klausner 1 1985) o 

Q)llin, H. A. , ard watts, M. 1985 . Flavor prcducticm in cultm:e. In 
Handbook of Plant cell Clll.tm:e, Vol. I .  D. A. Evans, W. R. ShaJ:p, 
P. V. lmmi.rato, ani Y. Yamada, eds . New York: Maanillan. 

DiOJsmo, F. I ard G. H. N. Tower. 1984 . stress ard secomary 
metabolism in cultured plant cells. In J:hytodlemical Adaptaticns 
to stress. B. N. T.inmermann, C. steelink, ani F. A. IDewus ,  eds . 

New York: Plerun PUblishi.rl). 
Klausner, A. 1985. 0 ""0'\ scents for biatec:h? BiojTectmology 

3 : 534-538 . 
Sahai, o. , ard :m-ut:h, M. 1985 . Qmoerclalizin;J plant tissue cultm:e 

processes: ecaDDics, prcblESDS, ani prospects . Biotectmology 
Pl:�ess 1 : 1-9 .  

staba, E. J. 1985 . Milest:ales in plant tissue cultm:e systems for the 
producticn of secomary products. J. Nat. Prod. 48 (2) : 203-209 . 

walker, K. A. 1986 . Autaoation of in vitro plant propagaticm: Has 
its time finally arrived? Genetic En;Jineerin;J News . J'ulyf.August: 
52 . 
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'lbe o:m:r.ibuti.oo of Plant ceu am Tissue all.ture 
to the Productiat of steroid Cc.llpaJrm in Irxkllesia 

Gustaaf A. Wattimena am Livy Winata 
Boger Agricultural Institute 

'lbe potential of plants to serve as a source of raw material for 
the imustrial production of st:m'oids is umeniable, despite the fact 
that many oamt:ries have abamaled this source . Diosoorea flori.blma 
fran Mexico was used for 20 years before it was replaoed by ather 
sau:ces in 1974 . '1his was attrihrt:ed to an unstable supply am the 
agricultural situatiat in Mexico. Solanum laciniatum, another plant 
considered for steroid productiat, faced the same prcblEIDS. In fact, 
in IIUI'gal:y the project in this area was d:copped given the climatic 
ocniitiCI'JS there am the ecananic ocniition of ll.JD]arian agriculture 
(Kovats am Ridlter, 1982) • 

Inblesia is ridl in plant species, whidl are distrihrt:ed aver its 
many islands. Apart fran Diosoorea am SOlanum, Cestus spp . have also 
been fourd to CD'ltain diosgenin. Illbis (1982) reported that the seeds 
of QJstus speciosus contained 3 percent diosgenin am the tuber 1 .  2 
percent. 'Dlese percentages are still not adequate, hc!Mver, 'Wben they 
are subjected to a cost-price analysis. Because manip.llatiat of plant 
grcwt:h usirg the culture technique will not necessarily result in an 
inpraved seccrdaxy metabolites content, systematic breeci.iD;J procp:ams to 
inprave the content of active material should be a priority. 

canventiCI'lal. breeci.iDJ progzaliB have technical prcblEIDS am require 
generatiCI'JS to adlieve a certain quality. An alternative � is 
use of the plant cell am tissue culture method, whidl is DDJ:e rapid 
t:hralgh manip.llation of cells am DDlecules. An in vitro breeci.iD;J 
procp:am should also aim to inprave plant ardlitecture am other 
agronanic dlaracteristics suited to inprovirg CXIIII1elci.a1 plantatiCI'JS 
for cestus spp . , Diosoorea spp . , am SOlanum spp . 

use of the plant cell am tissue culture technique in producirg 
sec:lOJDary metabolites may not look pranisirg at the nr.ment, but it will 
be beneficial aver the lon:J tenn. Sec:loJDary metabolite productiat can 
be increased manyfold by manip.llatirg the culture medi\DD carp:t'lellt 
(IGR, precursor, nutrient) , irx::ubatim enviralll9llt, am cell grcwt:h am 
differentiatiat. 

Based em the availability of plant species, their env:i.ra1111ental 
adaptability, experience with plant cell am tissue culture, am 
available facilities, 'WOrk at Cestus spp . should rank first, followed 
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by work m Discorea SIR). am SOlanum spp . '!his ranJcinJ does not 
neoessarily ClR>lY to tissue culture work at producirJJ secx:nBey 
metabolites. 

J'DIIats, T. , ard G. Richter. 1982 . Sol.asodine as a precursor tor 
productial of ccnt.raceptives. � ' seminar at Natiaal. 
Pr:aiucti.cn ot oral OX1traceptives, Ima1esia. 

Tnbis, I .  1982 . Diosgenin ard related steroids: p: eseut state of 
nam'dl ard developnent of Irxb'lesian plant resoorces . 
Prcceeciin1s, seminar at Natiaal. Productiat of oral CD1traoeptives, 
IID:mesia. 
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l'JI)Igl'Iaf OF STERQID CXJtJBXltQ BY FERMENrATICif 
AND cmMICAL SYNIHESIS 

Synthesis of steroid oral Q:ntraoeptives Available 
in the united states 

lf;ylm K. Kim 
cart:raoeptive Develqment Bran::h, 

center for Pt.p.ll.ation Researt:h, 
Natialal. Institute of Child Health am llmBn Develqment, 

Natialal. Institutes of Health 

'!his presentation reviews am SUillllarlzes the best synthetic 
methodology of steroid oral cxntraceptives c:urrentl.y marketed in the 
united states. �iews of steroid oral �� were4reported 
earlier by SSiggs, Coltal am Kl�, Djerassi,  7Drill, 8 
Gold et a1 . , n� am �btal, Payne am Green, �' 
Pincus am Merrill, Velluz , am Windholz am Windholz . 
'!bus, this presentatiat will be confined to the DI:ISt efficient partial 
synthesis of several 19-nor steroids, am the total synthesis of 
norgestrel , which is currently available in the united states, am two 
steroid estrogens , ethynylestradiol (EE) am mestranol (MEE) • 

Historical Develqment 

'!he basis for the design of steroid oontraoeptive agents dates back 
to the beginnin;J of this centm:y when oorplS luteum extracts injected 
into various animals were foorxi to prevent ovul.atioo. In 1934 , the 
active oatpx.ent of the oorplS luteum was isolated am its structure 
elucidated as pregn-4-ene-3 ,  2o-dione (progesterone) • Progesterale (I) 
is ally slightly active, however, when administered orally. A f>l! 
active, preferabiJ orally active, product was therefore needed. In 
1944 , !Menstei.n at the university of Pennsylvania reported the 
lllll.tistaqe transformatioo of the cardiac aglyoone st:rqjlanthidin (II) 
to an oily mixture of stereoisaners of 1119-nmprogest.erale (III) 1 1  in a 
0 . 01 pexcent yield (Figure 1) . '!he pn:pose of this 'WOrk was to :nm:we 
the ar¥]Ular methyl group , c-19 , attached to p:sitioo 10 of 
progesterale, am to examine the effect of such a structural c::i1arge m 
p:ogestatialal. activity. 

'!he c::hemi.cal steps involved :isarerizatioo of three asynmetric 
centers (p:sitia'lS 11 , 14 , am pemaps 10 in III) • '!his � 
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I 
Progesterone 

FIGURE 1 1!2u'a1stein' s  Oli(amd. 
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H 

I .  I I  J,l2 s�ynthesis 
. 

unfortunate, however, since it had been shewn earlier �t even 
inversicm just at c-17 abolishes biological activity • 1 It was BJSt 
smprisin;J, therefore, to find that this oily material showed the same 
pr:ogestaticmal activity as progestera1e i�f . Pl:alpted by these 
unexpected biological results, a SWiss group umertook the 
synthesis of 14-iso-17-i.soprogest:erc (IV) , since its wrtD;J 
st:ereoc.i1em:i at c-14 am c-11 mimicked that of Ehrenstein' s  axctamd 
(III) am it se=ed CXI'lCeivable that inversicm of the stereocilemi.st 
of progest.erale at both C-17 am c-14 oculd have been responsible for 
the biological activity of Du:enstein' s  Sl.1bst.aral (III) . 'D1e pJre 
cr:ystal.line 14-iso-17-i.soprogest:erc (14 B, a17-pregn-4-ene-3 ,  

1
i<H:ii.ate) 

(IV) was fam, however, to be inactive in doses up to 10 ug. 
'lhus, the other possible speculatiat was raised: the � of the 
c-19 ar¥JU].ar methyl group oculd have played a key role. '1hi.s 
initial c:iJservaticn of very high progesterale-like activity for a 
19-mr steroid was of great significance since it stim.llated further 
resean:h interest in this area . 

A breakthrough in � synthesis of 19-nor steroids came in 1949 
when Birt:h am Jt.Jkherj i reported that the 3-<Jlyce.eyl ether of 
estradiol oculd be converted to 19-nortestost.erone by means of sodium 
or potassium in liquid ammonia via the 1,  4-c:li.hydro derivative, 
followed by hydrolysis with mineral acid. A major

1
.inl:>rovement in the 

Bird1 :reducticm was disoovered by Wilds am Nelson 6 Who used the 
3-met:hyl ether of estradiol instead of the 3-<Jlyce.eyl ether' am who 
used lithium in place of sodium or potassium in liquid ammonia for this 
reductiat (Figure 2)  • 'D1e Birch :reducticn offered therefore J:eady 
access to many 19-nor steroids . 

Copyright © National Academy of Sciences. All rights reserved.

Workshop on Biotechnology of Steroid Compounds as Contraceptives and Drugs:  Summary Report, Jakarta, Indonesia, December 15-17, 1986
http://www.nap.edu/catalog.php?record_id=19190

http://www.nap.edu/catalog.php?record_id=19190


- 60 -

1 .  d i l . HeOH , XOH 
(CH3) 2so4 2 .  LiAlH4 

H CH30 VI 
v 

OH 

(C02H) 2 , H2o 
<c-

V I I I  ? VII 

1 "" H2o 

Cro3 

lli 70- 7 7 �  overa l l  y i e l d  

FIQJRE 2 lbiified Wllds-fiel.sa'l Birch :r:educt.ial. 

Djerassi and his ocworkers, 17 ' 18 workirq in the laboratories of 
Syntex S .A. in Mexico, first aR>lied this iDproved Birch procedure to 
prepare crystalline 19-oorprogest:.era (XIII) of natural cxmfiguraticm 
fran 176-aoetyl-3-methaxyest:ra-1, 3 ,  5 (10) -triene (XI) , whidl differed 
fran the natural hm:IIXlOe (I) only in the zoeplaoement of the ar¥JU].ar 
methyl groop by hydrogen, at c-10 (Figure 3) . '1hi.s substarx::le was fann 
by injecticm to possess a proqestatiooal. activity four to eight times 
greater than that of � in the st:.ama:m Clauberq ralXlit assay 
for erxiaDetrial. proliferaticm. 'lhus, it became the BJSt potent 
proqestatiooal. agent knc1tm at that time . 

Even though 19-� showed considerably greater 
pzogestatiooal. activity than natural proqest:ercne, 19-nnt.est:ost.ero, 
by contrast, � less arxirogenic than its natural halDlogue 
testosterone. 

In 1937 , 17a-ethynyltestosterone {�' ethistercme) was prepared by 
the additicm of potassium acetylide, 2 ' foll�

3
by an qpnauer 

axidaticm usil'Xj alumi.rum isoprqxDd.de (Figure 4) • 

Et:hist.era1e displayed saoe oral proqestatiooal. activity in spite of 
its significant arxirogenicity. on this basis, it was introduced to the 
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· XI · 

1 
XI I I  

FIQJRE 3 Synthesis of 19-�. 

DHA 
XIV 

0 
HC : CH 
KOH · 

FIGURE 4 synthesis of ethist:erale. 

H AU COQ-1�� 

1 .  HCl -MeOH 
2 .  Cr03-HOAc 

OH 
- - --<J=CH 

XV 

Et his t erone 
XV I  
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medical prgfessicn in 1941 for the treatment of certain menstrual 
disorders . 'lbe oral activity of ethist:erale (XVI) , ooopled with the 
patent activity of 19-oorprogestercne (XIII) , prarpted investigators to 
in:m'porate bath DDiificatiCilS into the same mlecule. To that end, 
two very inportant substances, � ani rxret:hynod:rel , were 
prepared in:iepen:lently by two different labo�tories. Norethynodrel 
was prepared by F.  B. Q)ltal of G. D. Searle ,  while � 
was synthesized by c.  Djerassi of syntex laboratories. 'lbe cradit 
for derronst.ratil'g the effectiveness of the � oral 
oart:raoeptive DllSt urq.JSSticnably be given to the late Dr. Pincus ani 
his colleagues . 'lbeir initial stuiies, �ch established tb9 
antiOYUl.atory �es of the 19-nol:progestin in �0 ani 
luJman females, were reported in 1956 . 

Farly in 1953 , Pi.n::us, Olan;J, ani collaborators at the Worcester 
Fa.D'daticn for Experimental Biology began to evaluate �' 
ooretllyoodrel. , ani related analogues for anti�atory activity. 'lhey 
established that activity for the first time . SUbsequently, Rock 
in Bostal ani Garcia � PUertO Rico successfully cq:plied these na� 
drugs in the clinic. 2 M:lst inportant was the discovery that 
ooret.hirm'one showed oral pzogestatianal activity five times greater 
than that of progesterale in ral:bits; this result � �i.J:med by 
other investigators in ral:bits, DD1keys , ani wanen . ' A 
large-scale clinical evaluatioo of bath oorethyncxh:el ani oo:rethindrale 
showed that the oral administraticn of these progestins, in oc:mbinatioo 
with 17a-ethynylestradiol (EE) or its methyl ether, mestranol (MEE) ,  
fran the fifth day of the menstrual cycle for 20

2�r 21 days, p:evented 
pregnancy with a.lJoost 100 percent effectiveness. In the early 
studies, it was thought that the progestins alme were effective. It 
was soon realized, however, that part of the effectiveness resulted 
fran an estrogen �' MEE, a precursor in the synthesis of the 
19-oorprogestins. 'lbe superiority of the est.rogen-oant. 
preparations aver the nonestrogenic pzogestin was soon revealed in 
controllirq breakthralgh bleedin;J. '1his vital clue led to the devel�1 �i cun:entl.y available est.rogen-progestin oc:mbinatioo 
products . ' Not ally did the added estrogen pennit smaller doses 
of the mre expensive progestin, blt it OClUlteracted any potential 
antiestrogenic effect of the progestin ani sustained better integrity 
of the erxklnetrimn. 

I.arge-scale clinical trials soon established the efficacy ani 
safety of these oc:mbinatiCilS. 'lbe era of oral oontraoepticn began in 
1960 � the oc:mbinaticn product Erxwid was cq:proved by the u.s. Food 
ani DnJ;J Administratioo (F'Dt\) for the cyclic �1 of OYUl.aticn ani 
was iJJI'Ofltliately marketed for this use by searle. In 1962 , the F'Dt\ 
exterded its a,;proval to the oc:mbinaticn of oo:rethindrale ani mestranol 
for the control of OYUl.atioo. '1his � was  introduced to the 
medical professioo � 1963 by ortho Hlannaoeutical COrporatiat under a 
license fran synt.ex. 
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PARl'IAL SYNIHESIS OF 19-NOR. STEROID DERIVATIVES 
As shewn in Figure 5,  mst steroid drugs are, in fact, prepared by 

partial synthesis fran natural products that cxntain the steroid 
nJCleus . '!he l:Wk of the world' s  suwly of steroid startin:J material 
is derived fran Cl'lly two species of plants: Mexican yam, a species of 
Diosoorea, ard soybean. 

Degradatia1 of the Side Qlain at c-17 

In a precess develqal by the cbemi.st:s at Syntex �tories , the 
sapogenin diosgenin was ciJtained fran the Mexican yam. 

-
'!his 

mterial , with the requisite tetracyclic ru:::leus possessin;J the cmrect 
st.ereoc:tlBn:i, CDJtains eight canxm ataus in the side cbain at c-11 . 

Treatment of dicsgenin with hot acetic anhydride leads to a 
:reactia1 similar to the fm:matia1 of enol ethers fran ketal.s. In this 
case, the net result of the transfm:matia1 is the cpmirq of the spiran 

1 6-Dehydropregnenolo�� 
Ace t a te Vl"1 
1 6-DPA 

1 28 
CrOl /py 

Q 

I .  B i rch Reduc t ion 2 " ro: , TSA 

H,CO 

H STIGMASTEROL ( 10 )  �.J:aa.u..---�"7.!;:· "�"'";:;: · 
AcO 7 � 

26 
I I C I 

H -

2 .  ( CH 3 ) �04 3. NaBH4 

OH Ar.J ros t a - 1 , 4 , -d len 
3 , 1 7-d ione 

• ·-QiCH (ADD) 

Nore thynod rel Nor e t h i nd rone 

FIGURE 5 Partial synthesis of 19-mr steroids . 
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O i o s g t: n i n  
.!. 

l 
4 + 

1 6-Dehyd'i="opregnclonone Ac eta t e  ( 1 6-DPA ) hO=fl� 
FiaJRE 6 Degradation of the side chain of sterols. 

e 

rin;J to a dihydrofuran rin;J: the hvrlroxvl groop at C-26 is acylated 
urder these oc:n:titioos (Figure 6) -.-33--;34- OXidaticn of � with dlrani.l.UU 
trioxide in acetic acid effects the desired scissicn of the side chain 
with the fonnaticn of the desired c-20 ket:a1e Q) • Treatment of this 
ester, 16-acylaxy-2o-keto steroid Q) , with acetic anhydride leads to 
the eliminaticn of the 16 8 -oy-aoetaxymethylvarleraylaxy groopin;J. 'D1us 
OOt:ained is an intennedi.ate with functionality suitable for subsequent 
m::dificatioo, 16�lone acetate (J) . As shown in Figure 
7 ,  .4 is oc:nverted to its oxime :  tteatment of this m:Jti-2o-axime �) 
urder the cxnlitioos of the Beclcmann rearrargement results in migraticn 
of the l.mSaturated � to nitrogen with oonsequent fonnatian of the 
acylated enami.ne (§) . '1hi.s reaction DllSt involve migraticn of the 
vinylic C-17 cart:x:n in smti,-oanfiguraticn of the oxime. 'lherefore, 
this rearrargement confolll\S to the accepted geanetrical requirement for 
migration of the groop trans to the departin:;J anion. (on the other 
h.ard, a �2o-oxime �d suffer c-21 methyl migratioo to give the 
N-methylamide. )  No explanaticn is � here. '1he N-aoetylenamine 
(§) is very unstable with water ani readily hydrolyzes to give 
dehydroepi.amrost:erone (IliA) acetate (1) • RenDval. of the 3-acetate by 
sapanificatioo follc:M!d by Oppenauer axidatian aff�F the oonju;Jated 
ena1e (2) . 'lhus, amrostenediooe (2) is obtained. '1hi.s is ooe of 
the best-known processes for degraclin; a pregnane into an ardrostane 
derivative an a production scale. 
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Andros t ened ione (AD )  
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3 

Ena::: i n e  01Ac:t3 t e 
0" 

0 

H 
D H A  

FIQJRE 7 Qmversicm of 16-dehydrc:pregnlme to an:lrost:enedi.me . 

'1he nonsaponifiable fracticm fran the ablJJ'mnt oil of soybeans , me 
of the principal agricultural crops of the United states, is known to 
be ridl in a mixture of sterols bearirxj a 1o-cazi:xm side chain at the 
17 positicm. '!he d1emists at Upjcim catpany selected stigmasterol ,  
whidl is susceptible to chemi.�7�tion given the presence of 
lmsa:turatiat ¥J the side chain , ' am they used it to prepare 
progestera1e , which becx:llv:!s !9startirx.;J material for the producticm 
of med:rcxyprcgest acetate for maintenance of pregnancy. A new 
pz:ocess for the isolation of stigmasterol of aba.tt 88 percent or better 
purity fran soybean sterols via the d.iscanti.rn.ta oamtercurrent 
leac:h:iJ'g pz:ocess was described by Ccmpbel.l am coworkers in 1957 . 40 
Use of a by� is an :inportant consideraticm in the selecticm of a 
raw material for steroid producticm, since a by-product al.Dart: always 
gives superior eoaiCIIdcs. Soybean serols are aba.tt 20 percent 
stigmasterol . 

1 
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Stigmasterol (lQ) is ocnverted into pi"CgeSt:eJ:a1e (I) by usiD;J an 
efficient four-step p:ccess that involves: (1) qpnmer axi.datial of 
lQ, (2) selective am stexeospecific ozcmolysis of the mst elecb:ar-nc::n daJble ba1d in the side c:bain in the p: asence of 
pyridine, (3) 2o-eno1 acetate famatial, am (4) ozalOl.ysis 
followed by hydmlysis of arr:1 c-J enol ester (see Figure 8) • 

'!he other sterols with the saturated side c:bain at c-17 , Daltly 
canpesterol am sitosterol , WJ:e of less interest until recently. New, 
however, micrc::bial methods far the degradatial of sitost:eml am 
canpesterol to useful steroid intsnnecUates are bein;J develqal. 

Many methods far the oawersiat of pregnanes to andmstanes are 
available. '!he silrplest, mst practical, am mst widely used. method 
?Y6a product.ia1 scale is the Bec1cmann � of 
� -2o-oximi.nqn'egn (Figure 7) • 

S t i J:mOi s t l!rol  
HOAc. 

Ho noeno l Ac e t a t e  

C l-OAc 

2 7. 

S t  igm:a s t :ad i " " " " '' 

. t:i 

1 2  + o--C� 
3-Ke to-b i s Ot.n-t. - c hC'l  .�r. 
:a l d ,•h!'de 

1 )  O�onolysis 
2 )  H"' 

FIGURE 8 Degradatiat of stigmast:erol to proqestera1e. 
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Ketal.izatiat of 16-DPA �) , aw gf
1
� early int:enllediates fran the 

diosgenin raite (Figure 6) to fcmn A ' -pregnadiene-3 a  -o1, 2C>-a1e 
ethylene ketal was follaMed by saparl.ficatiat to qive the alocilol 
OJ) • An � Qld.datial at this product follaMed by epaxidatiat 
with �ic acicfu (or cxmnercially available peracetic 
aci.(i4 ' ) yielded A 4-pregnene-3 ,  2o-dicme-16a , l"AI -epoxide  
2o-ethylene ketal W> • cc.mensatioo of this DDD-ketal with ethylene 
qlycol affomed A 5-pregnene-3 ,  2o-dicme-16 , 17 -epaxide bisethylene 
ketal (l§) , whidl upcn treatment with LiAlH4 follaMed by HCl. was 
c::xmverted directly to 17a-hydraxyprogest (11) (Figure 9) . 

Qle of the DCSt widely used methods for the introductiat of a 
1b � group into a 2o-ketopregnane involves the protecticn of a 
3-ket:o-6 system via its eniminium salt, t:hrtu;Jh a dienamine, 
pemittirJl enol aoetylatiat of a 2o-ketane, epaxidai!cn, hydrolysis , 
am finally remJVa1 of the A-rinl prot:ectiJg group. since many 
st:emid cblble l:xnls will react with peracids, they DJJSt be protected 
before the enol aoetylaHqo

0
steD. It is expected that a mixture of the 

Qil (Z) ard _mm (.1) A {� > -eilo1 acetates is obtained. No 
substantial diffm:ence in reactivity of the two isaners is shown here, 
lDiaYer. Furt:hmmare, the cxmfiguratiat of the acetyl side dlain ( a  
ar a ) in the st.artin;J aterial is of no oaJSe�, since the 
� at  c-17 is destroyad by cblble bcni fomatiat. !P»ddatiat 

l [OH 
O H 

Ale . KOH , 6 

I:..J Q J fl 1 3  

Al (01.Pr) 3 Cyclohexanone toluene 
c

6
H

5
co

1
H in EtOAc or PeraceUc Ac id 

0 '1 7 
l 7a-Hydroxyprogest erone 

FIGURE 9 catversicn of 16-DPA to 17a-hydraxyprogest. 
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of the tJ. 17 C20> �1 acetate was oriqinally carried azt with 
pm:benzoic acid,� blt the �!ally available peracetic acid is 
generally the met convenient . ' Based a'l the expected backside 
attack, the desired epoxides have the 1� -oanfiguraticn, am hydrolysis 
always produces the 17a-hydroxy groop . 'D1e openinJ of the epaxide am 
regeneraticn of the 4-ene-3-cme can be carried azt sinultanecusly by 
treatment with o .  2 N aqueous ethanolic sodium hydroxide to qive 
17-hydroxypregn-4-ene-3 ,  2o-dione (l1) in 48 percent overall yield fran 
proqestera1e (Figure 10) • 'Ibis dala1strates the stability of eniminium 
salts which may prow valuable when selective pratecticn of an 
a ,a -unsaturated au:b:l'lyl groop5is required durin) an electrq:ililic 
:reacticn. 'D1e pratecticn of t:, dalble bend is available by 
halogenaticn dur� the introducticn of 17Q -hydroxyl groop prior to 
enol aoetylaticn. 

In 1962 , amther elegant p:-ocedure was devised by Bartat46 for 
the .introducticn of 17a-hydroxyl groop into a 2Q-ket:q)regnane by 
ta1>-;o2;� proce:iun!S . As is so often the case ,  the method 
arose as a matter of carmexcial. necessity. SUbsequently ilrpraved, 
Bartal' s procedure rec:cmnerrjs the use of t-tutoxide in IJ.!F-t-:t:Alt:aml at 
-2o0c to -2s0c in the presence of triethyl4PtosPUte to reduce the · 

hydrcperoxide formed. Altha.tgh a 3-�!J. system is not �le to 
the reacticn cxniitions, a 3-keto-tJ.1 • system will sw:vive. '!'rea� of proqesterone with OD;2 in dioxane affords .2.1 (see Figure 
11) . 

Fdwal:ds am OC7MOrkers at Syntex Iaboratories described the cleavaqe 
of 17a�lone with potassium t-:art:axi.de in '1HF to qive 
IJfA in good yield. Since such hydrq)eroxides are 1'Di accessible 

Q 
PROGESTERONE • -"-H-� 

I eN 

ll 

1 8  Pyrrol id ine D i enami ne 

0 . 2  N a q . ethan
o l i c  NaOH 

CHg 
A: 

FIGURE 10 Introducticn of a 17-hydroxy groop into proqesterone. 
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O O Q  ) 

I 

FIGURE 11 Di.J:ect axygenaticm of 2o-ketq)regnanes. 

fran the 2o-ketcpregnanes in a1e step, this cxmstitutes a canvenient 
two-step degradaticn process . In practice, the intel:mediate 
hydropercxides need not be isolated. other enolizable keto groups in 
the DDlecule 1lllSt be protected (see Figure 12) . 

16-DPA 
.! 

Ca t a l y t ic * 
Hyd rogenat ion 
Pd-BaS04 
ather /  
EtOH 

1 atm . 

90.1tH 

FIGURE 12 Degradaticn via 17-hydrq:)eroxides (*R. E. Marker ani J .  
Kruger. 1940. sterols. CXII . sapogenins . XLI .  '1he preparaticn of 
Trillin ani its conversion to progesterone. J .  Am. Chem. Sex: .  62 : 3349 . ) . 
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�H � 

�.c 2o + o3 
TSA liP 

HeOH : EtOAc 

(1 : 1 )  

FIQlRB 13 17-kstcstamids tnD a10l acetates of 2o-katcsteroids. 

Similar 17-kstcstamids are ciJtained by means of ozcmolysis em blo 
steJ:aoisaMric a10l acetates, .d.l (I) � trans  (J) , about the double 
ba1d of 2o-Jcatostaroids (see Figure 13) • 0 

17tl�cme 3-aoetate can be cleaved quantitatively to 
IliA acetate (1) usilg lead tet:raaoet:ate (lb(Ck) 4) sft an aprotic 
solvent sudl as benzene at reflux (see Figure 14 ) • 

In aa:liticm, a variety of oxidative reaqents, ird.udl..rq dlranium 
trioxide, lead tetraaoetate, Per-iodic acid, am sgg.tum bisouthate, can 
be used to cleave the 17 , 2o-axygenated pregnanes . 

AraDatic A-Rirq steroids 

Treatment of androstenedicme (2) with IDJ48 leads to the 
fm:maticm of 1,  4-dienane W) • AraDatizaticm is at:XXII{>lished by 
treatment of the 17-et:hylene ketal of 1,  4-dienane W) with an excess 
of the radical anicm derived fran lithium metal am biphenyl in bolli.rq 
'1HF soluticm. Since the 2ID:)Ular methyl group in this case leavas as 
methyl lithium, di.plenylmethane is in:::l.med in the :taaeticm mi.xture to 

� 1 7a-Hydroperox1 d e  
( Ob t a i ned f ro. Scheme 5A) 

Zn 

HOAe 

1 7o-Hydroxypregnen o l one 
3-a e e t a t e  

FIGURE 14 '1be degradaticm of c-21 to c-19 steroids . 
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quench this ��' thereby prevent.irxJ its reacticn with the 
st.art.irlj DBterial. Acidificatial of the reacticn Jlli.xtum 
�lyzes the ketal functicn am affords esb:a1e in quite a 
respectable yield (Figum 15) . 

� steroids 

Fst:Ia.a is � to its 3-methyl ether by reacticn with 
dimethylsulfate. � with sodium bordlydride in 'IHF/Et(JI 
gives the 178-aloohcl. Estradiol 3-methyl ether (.2.§) �4 the 
startinj material for � synthesis of � W) as well 
as norethiJm:'ale W) • 

'lbe Birch reducticn of .2.§ with lithium in liquid 8l1llali.a usin;J 'lHF 
am t-butanol as oosolvents results in the fonna.tioo of the 1, 4-dihydro derivative (ZZ) ,  whidl is subsequently � with 
ethylene glycol in the preserat of TSA (p-toluenesu.lfatic acid) am 
canvert:ed �the mre stable ethylene ketal c:x:arp:uli (an inproved 
ptooediJre) • 550Xidaticn of � with the c:branium trioxide-pyridine 
(c:roJ.�N) results in a good yield of the 17-ket:ale (Z2) wit!Dlt irCmatizaticn. Ethynylaticn of the 17-ket:ale of 
3-athylAnaketal. (Z2) with a metal acetylide, sudl 

H O  
Est rone 

0 

l .  r-O H  l__(}H, TSA 
2 .  Li , 4-1, �2CH2 

THF,  ll 

3 . HCl 

0 

FIQJRE 15 Reductive arana.tizaticn of dieJD1eS. 
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as o• .. •ercial lithium acetylide ethylenediamine cazplex1 gives the 
3-ethylenekstal of mrethyncdrel. QQ) • Mild acid �lysis (usirq1 
for exaaple1 the oxalic acid of the latter) produces noret:hyncdrel 
Ql) 1 llllereas �lysis with hydrochloric acid gives noret:hinh'a1e 
W> 1 as shewn in Figure 16 . 

Functialal.izatian at the c-19 Positiem 

Until about 19611 the synthesis of 19-oor steroids was alDr:lst 
entirely based em the Bircn :reducticm of estrcme 3-methyl ether. '!he 
OCIIIDeJ:Cial. iDportance of steroid oral oantraoeptives prcmpted extensive 
'WOrk em alternate partial syntheses whidl do not pmceed via a Birch 
:reductia1 of riD) A aranatic precursors . A very efficient pJ::ooednre 
was disccvered siDultaneously_bv two groups 'WOrkinj imepemently in Mexi�6;57-ard SWitzerl.anil !>8�;59 lilllo � the prci>lan 
thJ:'tu]h c!lanical furr::tialal.izaticm of the argular methyl group at 
positiem 10. 

· 

'1be prooed1Jre described by Kal.voda et al .  59 of dba AG is 
representative of these new prooesses am is especially suitable for the preparatiem of noret:hyncdrel Ql) am noret:hiJdrcne 02) • '!he 

0 

ri O  
CH 

1 .  (CH3>  2so4 
2 .  N� BH • THF'/ 

EcuH 

C H30 

d� 
L L C : CH 
r- N Ha 
i__ NH;a, 

FIGURE 16 synthesis of 19-nor steroids. 

0� 

32 
No rethind rone 
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aall.ticm of hypoc:hloroos acid to 38 -hyth:axyarxiro-5-en-17-cme (IJfA) 
acetate (1) :results in an excellent yield of the dllordlydrin . '1he 
c-10 methyl group is then functiooal.ized by treatment with lead 
tetraaoetate to give the 6� , 19-axide. �lysis of this oxide 
followed by axi.daticm gives the diooe. SUbsequent alkali treatment 
produces the 4-dehydro-3-keto derivative. Reducticm of the 
4-dehydro-3-keto oarpoun:i with ziro affords the inportant, i.ntennediate 
1.9-hydraxyan:J-4-ene-3 ,  17-diooe W) • Treatment of this diooe with 
dlranic acid provides the acid Q!) that upcn heatin;J in pyridine is 
decal:tJoxylated to give the 5 (10) � derivative, B ,y-unsaturated 
ketale W) . Treatment of 1.2 with a weak acid in methanol :results in 
selective ketalizaticm at c-3 to give the 3-di:methylketal Q§l . 
SUbsequent ethynylatiat at c-17 produces an excellent yield of the 
3-di:methylketal Q:z) of norethynodrel. weak acid cleavage of the 
d.imethylketal QZ) yields norethyrxx)rel (.ll) ,  'While a m:>re vigoraJS 
acid treatment gives norethiJmale QZ) • Althrugh many steps are 
involved in this transfonnatioo, eadl of the reacticms :results in a 
good yield, . and a high overall CXI'lVel'Siat to the desired product is 
cbtained. 1his pmcadltre is very attractive for the laxge scale 
preparaticm of 19-nor steroids. 'lhe irrawenient Birch reductiat of 
rirg A aranatic precursors for large-scale cpnaticms is totally 
avoided here � CXIIpaJ:'Ed with Djerassi • s  original pzocaiure involvirg 
a Birch reducticm W> • 1his altemate �dl can be used for a 
small-scale preparaticm in the laboratory for oawersioo of IJfA �) to 
norethi.n:lrale Qa) . several DDiificaticms of the c-19 
functiooal.izaticm5gf Kal voda have been reported (see Figure 17) • 58 

Bowers et al. at Syntex utilized the brcm:ilydrin instead of 
dllord'lydrin and reported good yields by oawertirg the intermediate, 
6B 1 19-oxido-5a-braooardrostan3 1 17-diale to 
19-hydroxyarxb:'-4-ene-3 ,  17-diooe W) usirg a ziro and isoprq:hyl 
alcohol treatment followed by acid isanerizatiat of the C-5 dooble 
bcn:l, in a mamer similar to that of Kalvoda ' s  procedure (Figure 17) . 

Another illprovement in this general � was worked oot by Pappo 
and Nysted of G. D. 5earle (Figure 18) • 

60 ---ihis involved the peracid 
fonnaticm of the 5,  6a-epaxide, followed by dilute perdll.oric acid 
cleavage to the 5,  6-diol . Aoetylatioo gave the 3 ,  5 ,  6-triaoetate whidl 
reacted selectively with potassium bicartx:nate to yield the 
3 , 6 B-diol-5x -aoetate. Selective acetylatioo at C-3 , and then lead 
tetraaoetate and iodine functiooal.izatiat of c-19 , gave the 6B ,  
19-axide. Potassium bicartx:nate hydrolysis of the 3-aoetate and then 
c:hrani.c acid axi.datiat of the :resul.tirg aloc:i1ol gave the key 
intermediate 6B , 19-oxido-Sa -acetoxyarrlrostane-3 ,  17-d.iane . Treatment 
of 6 B, 19-axido-5 o-acetoxyarrlrostanedione with zinc an:l z inc  dlloride 
in methanol gave a good yield of 19-hydroxyarrlrostenedione (33) . 
OXidaticm with dlranitnn trioflde converted 19-hydroxyarrlrostenedione 
UJ) into the C-10 cal.'tloxyt! -3-keto oarpoun:i . Upon gentle heatirq 
in � t,Yrid.ine, the acid was decarboxylated to give the 
3-Jteto-t�:> l1UJ steroid Q2) . 'lhe overall yield for this reactioo 
sequel'O! was good . '1he need for metal-anm:mia reductiat (Bi.rdl 
reductiat) is thus avoided. 
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0 

HOX :® 
l!!t 2o-Cli2Ci2 )J h Pb ( OAc ) 4 !lo 

Cyclohexane 
At.O � � 

X•Cl Ciba A . G .  
X•Br Syn t ex  

l . a q . x2co3 . MeOP. 
2 . C r03 ' Pyr . 

y 

CH30H , veak acid 

NaJ!CQl 
0 

3 2 
No rethin

d rone 

1!. 
Nore thvnod r  .. l 

Malonic Acid 

< Acetone 

• • • 36 0CH3 l����d;la t ion 

Sodium t -amyl a t e  
t-Am��a l cohol-tolue 

-- - - G:Ct-i 

other Hxlificatioos of 19-Nor steroids 
Norethimrcna Acetate W) 

Fsterification of the 178-hydmxy groop of � provides 
derivatives with i.nterestirJ) biological properties. '1he 17-acetate 
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0 

�· � 
Ac0� 

z.ct2 
)
H� 

HeOH �' 0 33 �3 

Aq , Pyr i d ine 

OH J Ac 0 � Ac&f , H+ 

ester Q§) of ooret:hi.mrcme W> is orally effective clinically61 

and, with a small aJIDJl'lt of estrogen, is marketed in Europe by Sdler� 
AG as Anavlar arxl in the united states by Parke, Davis as Norlestrin 
(Table 1) • one of the synthetic schemes currently used for prepar� 
the 17-aoetate involves c:x:rwersicm of noreth.inirale to the 
3 ,  17-diacetate W> by treatment with acetic anhydride or �1 
acetate in the preserx::e of p-toluenesulfonic acid as a catalyst. 
Mild alkaline or acid treatment of the eool diaoetate Q.J) produces 
norethirm:ale acetate Q§) as shewn in Figure 19 . An altemate method 
for the preparaticm of

6
� 17-acetate W> , plblished in 1968 by 

Shapiro arxl ocworkers , involves ethynylat� arxl aoetylat� the 
eml ether in the same reacticm arxl then hydrolyz� it to give the 

' 
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'mmE 1 cmbinecl oral Qmtraoeptivas Marlcatad in the 
United states (as of ()ctd:)er 2 , 1986) 

lnu .._ (DIIz .. ,._ .. , Co!e'7 
OTtl\o-No- 1 / 50 ( 2 1 , 2 1 ) OTtho 

- 1 /10 ( 2 1 , 21 ) -
2 .. ( 2 1 )  

Ortho-No- 7/7/7 ( 2 1 , 28 )  
10/11  ( 2 1 , 2 8 )  

Ortho-No- 1 /35 ( 2 1 , 28 )  
Nod lcon ( 2 1 , 28 )  
.,._lea 1 / 3 5  ( 2 1 , 28 )  Searle 

Da.alen 1 / 50 ( 2 1 , 2 8 )  
IDO'I'ld•£ 2 1  
lll'1'0 1d 5 .. 
!DO'I'ld 10 81 
Owlen ( 2 1 , 2 8 )  

lreYtcon ( 2 1 , 28 )  
Nortnyl 1+35 ( 2 1 , 28 )  
Mor1ay1 1+50 ( 2 1 , 2 1 )  

• 1+80 ( 2 1 ,28)  
2 .. 

Tr l•norlny 1  ( 2 1  and 2 8 )  

Syntax 

Vye th 

...... u. 
1 .0 NET 
1 . 0  -
2 . 0  • 

o . 5 /0 . 7 5 / 1 . o  -
0 . 5 / 1 . 0  • 

1 . 0  -
0 . 5  -

1 . 0  EthJ11od to1 
Dlocetate 

1 .0 
2 . 5  NorothJftodre l 
5 . 0 -

9 . 8 5  
1 . 0 EthJ11od1ol 

Dtacetata 
0 . 5  NET 
1 . 0  
1 . 0  • 
1 . 0  • 

2 . 0  • 
0 . 5 / l . O  • 
0 . 5  d l -Norseetrel 
0 . 3  

.. 
0 . 1 5  lNC 

0 . 050 ... 
o.oao -
0 . 100 -
0.035 II 
0 .035 -
0.035  -
0 . 035 -

o.o35 a 
o . o5o a 
0 . 100 Mil 
0 . 075 -

0 . 1 5 -
0 . 10 • 

0 . 035  R 
0 . 0 3 5  
0 . 050 ltD 
o . oao -
0 . 100 -
0 . 0 3 5  IE 

0 . 05 
0 . 030 

0 . 03 

O'l'ral 
LO/O'I'ral 
Nord e t t e  
Trlpha e U  
Loeetrtn 

( 2 1  and 2 8 )  
( 2 1  and 2 8 )  
( 2 1  and 2 8 )  • 0. 05/0 . 0 7 5 /0 . 1 2 5  • 0 . 03 / 0 . 04 / 0 . 03 

0 . 020 
0. 030 
o . oso 
0. 050 
o .oso 

Norleetrta 

1 /20 
1 - 5/30 
1 / SO  
( h )  t /50 
2 . 5 / SO  

P..D 1 . 0 NET AC 
1 . 5  -
1 .0 -
1 . 0  -

' · �  

17-acetate US )  (Figure 20) . '1be 3-et:hyleneket:al. W) -not the enol 
ether (.21) -is preferred durin) the du:anic acid axidaticm, as shown in 
Figure 16. 

3 2  
N('l r ethi ndrone 

Ot-1 
-· - ·@!C H 

38 
Norethindrone Acetate 

FIGURE 19 FsterificatiCI'l of norethimra1e. 
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1 .  U C::CH [ NHa NH:a , DMF 
2 .  Ac 2o 
3 .  H CI 

0 38  
No rr t h i nd rone Ace t a t e  

FIQJRE 20 Qn:anitant ethynylaticn arxl acetylaticm. 

Si.rx:a 1975, w have synthesized arxl tested esters of norethirm:ale 
ard noa-Uel. in oollaborati.al with the WOrld Health organizaticm 
(111)) • Fsterificatial by usin;J the CXI1Velltiooal methods em 
sterically himered tertia:r:y alcohols prcwides a very poor yield of the 
desired �� '1be mat successful met:hcd � to be the thallous 
et:hax:ide me. 'lhe mirute amamt of toxic thallium residue that 
IaDains in the ester is unaooeptable arxl undesirable, however. More 
recently, a sinple mixed � pzocedure us� trifluoroacetic 
� arxl the acid for esterificaticm, followed by the reacticm of 
steroid alcohols, was fam:l to be the method of choice for the 
preparaticn of steroid esters . 

Ethynodiol Diacetate 

Good yields of ethynodiol diaoetate (JQ) are OOtained by the 
diacatylaticn of the diol (») �� acetic anhydride arxl pyridine . 66 
'lhis diol was � by COltal arxl imepemently by Scmheimer 
arxl his ccwcrker by reducticm of naret:hindra1e (J2) with sodium 
bordlydride. More recently, it was fam:l that lithium 
tri-t�umimm hydride was a superior :reduc� agent69 to 
sodi\DD borohydride or lithium alumimm hydride in produc� a greater 
ratio of �0desired Ja-hydraxy i£vJner CNer the Ja-hydraxy epimer (see 
Figure 21) . 

sm!HmiS OF EIHYNYI.ES'mADIOL W) AND MES'DWI)L (.i2) 
Reacticm of estrone (.2.2) with a metal aoetylide produces 

1/tl -ethynyl-17 6-hydroxyestradiol = ethynylestradiol , (EE) W) . 71 
'lhis a••ta.nU is equipotent with estradiol by subcut:aneals 
administraticm, but it is 15-20 times as active by oral 
administraticm. Ethynylaticm of the methyl ether (25a) 95 � 
similarly produces mestranol W) as shatm in Figure 22 . ' 
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Li ( tBu0) 3Al n ,  THF 

H 

QH 
---C=c:H 

32 
Nc rcthin� r�ne 1Ac 2o , Pyrid ine 

�c. 
- -·<:C H 

FIQJRE 21 Diacatyl.aticn of the 3, 17-dial. (D) . 

Attack of the metal acetylide en the 17-ketale takes place fran the 
least hime.red a -side of the est.ra1e or est.ra1e methyl ether. 

Et:hynylestradiol am mestranol are of special cxmnercial 
significance because JOOSt of the oral contraceptives now en sale 
incorporate a1e or the other of the � as the est:mgenic 
caupanent. 

Total synthesis prcduces not ally ooret:hirmale, blt also steroids 
with st:ructm:es that do not occur in nature. For exaDple, 
D-(-) -norgestml, which possesses a 13-ethyl group, is mamfactured 
ally by this rart:e . It is prcbable that intensive process research 
develq:uelt a'l the mact.ials involved in these syntheses JI1I1Y have made 
these rart:es �ially CXllp!titive with partial synthesis based en 
plant sterols. 

A O  2 5  R•H 
:! SA R•CHJ 

0 

R O  

FIGURE 22 Et:hynylaticn of est.ra1e am its methyl ether. 

OH 
- - -C =C H 

Copyright © National Academy of Sciences. All rights reserved.

Workshop on Biotechnology of Steroid Compounds as Contraceptives and Drugs:  Summary Report, Jakarta, Indonesia, December 15-17, 1986
http://www.nap.edu/catalog.php?record_id=19190

http://www.nap.edu/catalog.php?record_id=19190


- 79 -

several useful alternate � for the ocmnercial total 
synthesis of manv steroid � have been described by Torgcv am 
associates75-77 am by smith am �:79-82--� methods 
have been utilized to prepare a variety of 13-al.kylgam-1, 3 , 5 (10) 
triene intel:mediates (Figure 23) • 

originally, Cla'Jdensaticm of 2-ethylcyclc:pmtane-1, 3-di.cme (D) with 
the vinyl au:binol (AD) c:iJtajned frail 6-met:hoxy-1-tetralone am 
vinylmagnesimn chloride, in the presence of about 10 percent of the 
quatemal:y aiiiiD'limn hydroxide Tritcm B, gave the tricyclic diket:a1e � 
whic::h was rirg closed under acid catalysis to ADa). catalytic 
raducticm of the 14-dcuble bcD:l proceeds at the a-side because of the 
presence of the bll.ky argul.ar ethyl group at c-13 . '!his step has the 
adiitialal ocmsequeme of establishirq the iDport:ant trans C/D riD) 
jl.D'¥:blre. Reducticm of the 17-ket:ale proceeds as expected to give the 
178-aloohol . '!he ranaininJ 8 , 9-dcuble lxni is subjected to further 
reducticm with lithimn in liquid aDIIIOilia to establish the trans B/C 
riD) jl.D'¥:blre. Birch :reducticm, ()g)enauer axidaticm of 
1 ,4-clihydroani.sole-1�8-aloohol, ethynylaticm, am hydrolysis provide 
noanic mrgestrel.. Although this synthesis has involved the 

1 .  B i r c h  Reduc t ion  
2 .  Al ( iPrO) ) 
) .  E,$.hyny l a t ion  

�___, 4 .  II hyd r o l y s i s  

FIGtJRE 23 Torgov-Smith total synthesis. 

O H  

·· · · ·C=C H 
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fonnatiat of six drlral centers, ally two of the 64 possible iscners 
are fonned.. A major yield inprovement resulted fran prior oawersiat 
of the unstable vinyl au:b.iml (AD) to the a:ystal.line isothiurarl.um 
acetate, which was oa.1pled with an enolate (D) under mild ocn:litiats 

(��!> a?' give the tricyclic diketale (AW) in 90 percent 
Y1eld. I 

Total Synthesis of � (-) -Norgestrel Usin;J a Chirality 
In:Jucin;J Reactiat: Sdlerin;J N; Process 

'lhe tricyclic cliketale W) is a proc::hiral ll¥)lecule, siooe reactiat 
at ate of the c.artx:xlyl groops would create an asynmetric center at C-13 
(steroid n11!!berin;J) as shown in Figure 24 . For exanple, 

0 ) -0 
I I  � . • OH u 

'• 5 /"' -==-M·:.f.J. y-- -ro ,., :::-.-.. 10:: Y i e l d 

CH.P i! CHp 
41, b· N c t hoxy t e t r a l onc -

OA c 

S l  

�«obiol 
Reduc t ion w i t h  

(H Q �:���=romyce s  
3 t. b  (CBS- 1 508) OH 

, OA' � l .  Ac 20 , ry1 C611 6 6c5-'/ 
� .  TSA ,l\ , C o ll6 lJ' 

9 1 t. Y i e l d  ( H 0/ � 5 3% Yie ld 

3 � 

Ctt 2ct. 2 
30- 3 SoC 

OH 
- · ·C;:(H 

0 D· ( - )  - N  . .  r r. • · s t  r <'  I � [c4J 2o� c - ) ) , 7  ( c , 0 . 92 ,  CIIC I ) )  

FIGURE 24 Total synthesis of � (-) -oorgestrel usin;J a drlrality 
in:luction (Scherin;J N; process) • 
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56 
{+) -Bicyc l i c  Ketol 

FmlRB 25 AsyDmat:ric aldol cycl.izaticl'l. 

5 5  
Tri'-e tone  

Jllicrcbiological. mductial of this tricyclic diketone W) with the 
yeast uyarum (elm 1508) fm:ms the c¢ically active (-) 
ksto1 £1. at a 53 percent yield. 'lbe followiDj steps will yield 
D- (-) -norgestrel : cawersia'l of the 17-aloahol W) to the 17-aoetate, 
acidic cycl.izaticl'l W) , catalytic reductiat of 14 , (15) -dalble bond for 
the fcmoaticm of 14a-isauer, hydrolysis of the 17-aoetate (49) to the 
17-aloahol �) , Li/liquid aDIIDlia reductiat of 8 ,  9-dalble bond, Birch 
reductiCI1 of arauatic rinJ A porticm, �uer oxidatiat, am 
et:hynylaticm followed by hydro1Yft�8Jlth methanolic hydrochloric acid. 
'!his is the SCherirq AG prooess . ' In 1975 ,  a msearch group at 
SC!lerirJJ AG plbli.shed an elegant synthesis as an alternative to this 
p:ocess . It does nat proceed via a Birch :reductiat of the rirq A 
araaatic precursor . 

'lbe regioselective sufatylmethylaticm87 ' 88 of c¢ically active 
7S-ethyl-6H-7 , 7a�indan-1,  �cme (57) opens the poss�ility of 
a new, tectmically sinple synthesis of D- (-) -norgestrel. (.2i) . 

'lbe (+) -enedicme �) is prepared by dehydratiat of the 
(+) -bicycl.ic ketal �) in '!SA, which is in tum obtained by 
cyclizaticm of the tri.ket:a1e8�) with s- (-) -proline in IMF as a polar 
aprotic solvent (Figure 25) . Reactiat of the (+) -enedicme {21) 
with parafcmoal� am benzenesulfinic acid in a � of 
triethanolamine am acetic acid in a volume ratio of 3 :  1 1 at 
soOc affords the sulfcme �) at a 85 percent yield. Presence of a 
larger amamt of acetic acid accelerates the :reactiat, b.1t the 
J:egiosel.ectivity is thereby reduced, am CCXlSiderable aDDmts of cblbly 
alkylated products of vaeyirq structure are famed. In acid solutiat 
(ethanol with 1 percent aqueous hydrochloric acid) with palladium at 
c:barcoa1 (10 percent) as a catalyst, the sulfcme ,2B is hydroqenated to 
the trlns-fused sulfcme �) as a crystalline product in a 75 percent 
yield. 

It is certain that the PleJ1ylsulfatyl group is alpm-that is, in 
an equatarial positicl'l. In IDlpOlar solvents (pentane/benzene) ,  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

W o r k s h o p  o n  B i o t e c h n o l o g y  o f  S t e r o i d  C o m p o u n d s  a s  C o n t r a c e p t i v e s  a n d  D r u g s :   S u m m a r y  R e p o r t ,  J a k a r t a ,  I n d o n e s i a ,  D e c e m b e r  1 5 - 1 7 ,  1 9 8 6
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 9 1 9 0
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(HCHO) nC6H5so2it 
Q CD 50o 

g 

1 .  N�OH/HeOH 2 . H 

! . " Hydrogena t ion 2 . H
+ 

0 ABCD 
63 

54 
D- ( - ) -Norgest rel 

FIGURE 26 stereocaltrolled synthesis of D- (-) -nm:gestrel. . 

oc::arp::mxi .22 via the a -methylene ketale92 reacts with the anicm 
prepared fran ethyl 7 , 7-ethylenediaxy-3-keto-oct:.anoate �) and sodium 
hydride to give the ester W) in high yields. '1he crude ester is 
cyclized, hydrolyzed, and decal:boxylated�2 

'1he tricyclic oc::arp::mxi (j2) 
was isolated as an oil (see Hajos et al. ) • SUbsequent 
hydrogenaticm, cleavage of ethylene ketal , and cycl.izaticm produce 
136 -ethyl-19-noramrostened.iooe W) in an overall yield of 35 percent 
fran (+) -enediooe (.2l) . D- (-) -norgestrel. can be obtained fran §J by 
ethynylaticm with lithium aoetylide in p.n:e ethylenediamine. It is 
fourd that 136 -ethyl-17-ket:ale W> is CCXlSiderably less reactive than 
its 13-methyl ocunt:ezpart toward aoetylenic mcl.eq:hlles. 'lbe 
diffenmce is attr.il:Juted to the additia'lal steric himran:Je provided by 
the ethyl group. 
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Mict'Cbial Fmmaticm of 'lberapeutically Valuable steroids 

0. K. sebek 
Infectials Diseases Researc:h 
'lbe Upjahn OMpmy (�) 

Many steroids am their derivatives possess remarkable 
anti-infl.aDmatory, anabolic, diuretic, antineoplastic, prcgestatiooal. , 
am ardrcgenic properties. '!hey are also effective in alle:gic, 
denaatologic, and ocular diseases, am in cardiCNaSall.ar therapy. 'lbe 
synthesis of orally active progestoqens led to their use as regulators 
of menstrual clisoJ:ders in 1957 am to their applicaticm as oral 
cxrat.raoeptives in 1960. '!hey are also used in animal husbarm:y as 
fatt:enin;J agents and far syrdlradz.i.rq estrus in fam animal s.  '1heir 
product:icm is a $4 billim "WOrldwide blsiness (Ienz , 1983)  • 

Interest in these cc:llpU'DI iJx:reased c:lramatically in 1949 when it 
was discxwered that corti.sc1'1e acetate alleviated the synptans of 
:d1eumatoid arthritis (Herdl et al. , 1949 , 1950) . A sndden sm:ge in the 
deDim:i far this O "tam resulted, am it was hailed as a miracle dng 
for the tl.'eatment am c::m'e of millia'lS of sufferers of this crippl.i.rq 
disease. 

c.ortisa1e was p:r:cduced at that time fl:aD deoxycholic acid OOtained 
fran cattle bile by a laborious process CCXlSist.i.rq of 32 dlemical steps 
(sarett, 1949 ; see Figure 1) . '1h:is process was i.nproved, however, am 
ptesently RciJSsel tJclaf in France uses deaxyctlolic acid far the 
mamfact:ure of corti.scl'1e by total synthesis. 

Amr:nJ the raw mterials used to mamfacture cortisone am its 
derivatives, diosgenin fl:aD baJ:basco, the MeXican yam, first daninated 
the "WOrld lllll:Xet . It has been estimated that between the mid-1950s am 
early 1960s well aver 50 pement of all steroids mamfactured "WOrldwide 
originated fl:aD MeXican diosgenin (Djerassi,  1976) • Diosgenin is 
alD:Bt ideal far the synthesis of not ally corticosteroids b.1t also 
19-nor steroids am the diuretic spiralol.actale. 'lbe demaM far this 
raw mterial ocntinJed to gra� throogh the 1960s, b.1t the situaticm 
began to c:huJ;Je. 8\g)lies began to decrease fran ovetharvestirg am 
rising prices as the MeXican govemment began to control collecticm of 
the yam. In 1975, yam collectim was natia'lalized cxmpletely. 
Diosgenin is presently p:r:cduced in the Pecpl.e ' s Replblic of arlna for 
the synthesis of 19-nor steroid oral oontraoeptives am 
corticosteroids. It is also procluoed in Guatemala, o:st:a Rica, am 
India . 

- 89 -
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FIGCRE 1 synthesis of oortisa1e acetate (2) fran deax:ycbJlic acid (1) • 

As a result of the situation in Mexico, other raw materials also 
used in steroid manufacture began to assme new :inportan::a as 
alternatives to diosgenin. '!hey include: stigmasterol fran soybean oil 
(United states) , hecogenin fran sisal (East Africa, Ethiopia, Haiti) , 
solasodine fran SOlanum plants (EaJador, New Zealand, and Australia) , 
and bile acids (:Frame, the Netherlams) • With the lllli'8 r:eoent 
elucidation of the bacterial side dlain degradation of c:bolesterol and 
S -sitost:.erol ,  these � tec:ame extremely attractive for steroid 
manufacture as they are readily available in lcm:Je aDDmts and 
inexpensive. Ololesterol is obtained as a by-product primarily fran 
'WOOl grease in Japan, and S -sitcsterol (in a mixture with c:anpesterol) 
fran soybean oil in the united states and west Gennany. steroid 
hol:liD'&; are also manufactured by total synthesis in :Frame, 
SWitzerland, East Germany, west Germany, Hln'¥Jaey, and the Peqlle ' s  
Replblic of China .  

Hydroxylation 

In the synthesis of corticosteroids such as oortiscme or 
prednisolC11e, Cl'1e of the lllli'8 difficW.t steps was the stereospecific 
introducticm of furx:ticmal. groups into the :int:eJ:mediates, and in 
particW.ar the introduction of oxygen into the crucial c-11 position. 
'lhis prci)lem was solved in 1952 when it was reported that selected 
furgi of the order Mlcorales (such as RhizogJS niaricans) carried a1t 
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Rhizopus nigrians 

4 
( 851 ) 
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5 
(t 61 ) 

FIQJRE 2 F\lnJa]. 116 -hyd:raxylation of progesterone (3)  to 
lla-hydmxyprogeste (4) an:l 6 S, llP -dihydroxyprogesterone (5) . 

the desired c::ocygenatia1 with remarkable specificity an:l in high yields. 
'lhus ,  progesterone was converted in ooe fermentation step to 
lla-hydraxyprogesterone, the intermediate in the synthesis of oortisale 
an:l other CX>rticx:steroids (Petersal an:l M.lrray, 1952 ; M.lrray an:l 
Petersal, 1952 ; see Figure 2) . SUbsequently, other furgi such as 
Aspergillus odlra.oeus lllel:e also foon:i to catalyze this reaction, and 
processes lllel:e develcped in which the 11a-hydraxylated product was 
formed in 7o-90 percent yields (with small aJIIOOI1ts of 6 a, 11a-

• 
; see Figure 2) , at substrate CXIDmt:ratioos in 

excess of 20 g,/1 (Abd-Elsamie et al. , 1969 ; Hanson an:l Maxon, 1965 . ) 
oxygen was i.ntroduced into the strategic c-11 position also through 

1lB -hydroxylation (Figure 3)  by means of other furgi such as Ollvularia 
1unata and a.um:in;1hamella blakesleeana . In this way, 11--Qeoxyex>rtisone 
(oortexolooe, Reid1stein 1 s  SUbstaooe S) , the preferred substrate in 
sud1 a case ,  was transfoxmed into hydrooort.i.sa1 (cortisol , o "lo.m:l F) 
in cgn:aximately 60 percent yields with an aatiticmal. 14a-hydraxylated 
by-product (Shull an:l Kita, 1955) . 

6 

CH20H 
�-o 

.OH 

7 
(! 601) 

8 
(! 251 ) 

FIGURE 3 F\lnJa]. 1113-hyd:raxylation of Reichstein ' s  SUbstaooe S (6) to 
hydrooort.i.sooe (7) and 14a-hydraxy-11-deaxycortisale (8) • 
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�2()t, 
C•O 

• .OH 
Str�ptomyc�s ros�hrom•tttn · ·OH 

0 

9 1 0  

FIGURE 4 Mic:rOOial 16a-hydroxylatioo of 9:1-fluorqlrednisolme (9) to 
16a -hydroxy� -fl\.101"q)rednisolooe (trianK::inolooe, 10) • 

'lbe anti -inflanmatoey activity of sane corticosteroids sucb as 
hyth:OCX>.rtisale was further inproved by the chemical cawersiat to 
9a-fluordlydrooorti.sale, bit this DDdificatioo also caused an iJx::rease 
in salt retentiat. '1hi.s umesi.rable side effect was reduced to sane 
degree by mic:rOOial 1-dehydrogeneratiat of the latter O"IIOOI'd to 
9a-fluorqn-ednisolooe (see the follc:JWin;J sectiat) . When the resultirg 
9 a-fluoroprednisolone was in turn hydraxylated at the 16a-positiat, it 
yielded 1Ga-hydroxy-9::x -fluoroprednisolooe (trianK::inolme; see Figure 
4)  • 'Ihis conp:>Und is a potent anti -inflanmatoey steroid am 
essentially devoid of mineralocorticoid activity (Gocdman am Smith, 
1960, 1961) . 

Of other mic:rOOial reactioos, 17a- am 21-hydroxylatioos by tun;Ji 
may be functiatal , bit they have been replaced by superior chemical 
rart:.es. 

To date, all the available cart:als of the steroid JIX)lecule have 
been hydroxylated by selected microorganisms, bit ally the three 
mentialed above have fOlll'd practical awlicatioos. SaDe of these 
reactioos are also catalyzed by JDalii'Oal.ian tissues (Table 1) , bit they 
are mt of practical value si.ooe they wrul.d be quite expensive am 
difficult to perform at a large scale. 

TABIE 1 Hydroxylatioos carried cut by Microozoganisms 
am Manlnal.ian Tissues 

Microorganisms Manlnal.ian Tissues 

1a 7 a lS a 1 a  12 a 
1 B 1 B  lS B 2 a lS a 
2a  9 a  16 a 2 B 16 a 
2 B  10 B 16 B 6 a 17 a 
3 B  11 a 17 a 6 B 18 
Sa 11 B 18 7 a 19 
SB  14 a 19 11 B 21 
6B 21 
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1-Deh.ydmgenatia'l 

Early in the developaeut of these cortioosteroids it was fam:i that 
the anti-infl.zmluatoey p:qm.ty of sane (such as cortisale am 
�) i.nc:mases three to five times with the ocn::anitant 
decrease in salt retentia1 wben a 1, 2-dcuble bcn:l is int:rcduced into 
their mspective molecules. It was further discovered that this 
1�tia1 can be carried ait quite ccnveni.ently am efficiently 
by ...,. of several bacteria (Art:bJ:cbacter sinplex, Bacillus 
P'1l'-tcus, 'ffnqnnija rest;rirrh•) am furx)i (f'!fnrium so1nni , septanyxa 
n«inis) . 

CH3 
1 1  1 2  

0 
• 1 3  1 4  

1 5  16 

FIGURE 5 Microbial 1-dehydrogenatia'l of selected steroids by septanyxa 
affinis: 6a-methyl.h.ydrooort.is (11) to 81-methylprednisolme (12) ; 
3-c:JXK:il:isnor-4-dlolen-22-al (13)  to 3-axcbi.snor-1, 4-choladien-22-al 
(14) ; am 4-ardrost:ene-3 , 17-di.me (AD, 15) to 1 , 4-arxlrostadiene-3 ,  
17-di.one (ADD, 16) . 
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'!his mic:rci>ial reacticn has been incorporated into the pt'OOPSses by 
which several valuable 1-dehydrosteroids are produced: predniscna, 
prednisolooe, 6a 1ethylprednisolooe, 21-deaxy-91 -fluaro-61-
methylprednisolone , ard t.rianw:::inolooe (Figures 4 ard 5) • 'lbe saE 
methodology is also used to dehydn:genate 4-arm:ost:ene-3 ,  17-diooe to 
1 , 4-arxirostadiene-3 ,  17-di.ale, a valuable substrate for the dlemical 
synthesis of estl:aJe ard 19-nor steroids (see below) . Siooe the enzyme 
(!-dehydrogenase) that catalyzes this reacticn is il'X:Jucible, the 
ad:liticn of selected in::Jucers (sudl as 3-ketc::bi.srxr-4-dlolen-22-al or 
progestercne; see Figures 5 ard 6) to the fenue11taticn iJx::reases the 
efficierK¥ of the reacticn (MJn'ay ard Sebek, 1959 ; Koepsell, 1962) . 

ABJther tec:tmi.que, �lofexmeut:aticn, " was describecl 
for oc:nvertin) so q of powdered oortisol/100 m1 to prednisolooe in five 
days. 'lbe pxoduct was reoaverecl in 93 percent yields, ard the 
procedure was develcp!d into an imustrial prooess (l{cnjo ard Masua, 
1961) . 

> 

3• 1 7  

OH 0 

1 8  1 6  

19 

FIGURE 6 Metabolites of (3) produced by �  affinis: 
1-dehydroprogesterone (17)  I 1-dehydrot.est.oster (18) I (16) I ard 
progestercne 1-dehydrotestololactone (19) • 
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'Umesirable By-products 

Al.tb:uJh the desired cc::upa.uDJ are produced in high yields by the 
above pmcesses , BaDe by-products are also fOlllled in varyin;J 811Dll1ts, 
thereby lowerin;J the overall efficierx:y of the process . 

'lbls, for exanple, BaDe of the microorganisms that carry cut 
1-dehydroc)enatiat also cleave the side chain, oxidize the hydnlxyl 
group at c-17 , and carry cut c:mt:xn-caJ:txn scissiat of rin;J D (Figure 
6) . 

Methods :t'altinel.y used in feJ.lDel'ltatiat developoent have been 
effective in reduci.rJ;J or eliminati.n;J sudl Ul'MlJ1ted reactialS. '!hey 
:in::lude: selectiat of a suitable medium, adjusbte:nt and close oaltrol 
of feme11tatiat OCDiitialS (1� of iroubatial, aeratiat, 
t:apaature, additiat of :inhibitors) , nutatiat, and strain selectiat. 

'lbe c-17 Side Chain 

As indicated above, dlolesterol and a -sitosterol have becxme 
attractive substrates for the p:cductiat of pmxmacologically active 
steroids . '!hey are renewable raw materials, they are available in 
large quantities (�tely 100 , 000 t:a1s -worldwide in 1980 : I.enz ,  
1983) , and they are inexpensive. Ololesterol , lltli.c:h was first isolated 
ftaD. bJman gall.sta'les, is extracted pr:imaril.y in Japan fran 'WOOl grease 
('wool iDported fran Australia and New Zealand) and fish oil , where it 
is present in 15 and 7 peroent oaJCeiltratialS, respectively. 

�-sitosterol is a o:••talel'lt of soysterols (by-products of soybean 
oil processin;J) lltli.c:h oonsist of 21 peroent stigmasterol , 49 peroent 
a-sitosterol, and 27 peroent canpesterol (Itch et al . , 1973 : see Figure 
7) • Of this mixture, atly stigmasterol is used imustrially in the 
United states for the synthesis of progest:erale and ather pregnanes 
(via 1�1a1e acetate) because the c-22 (23) double borxi 
makes the side chain amenable to an efficient dlemi.cal cleavage. 
si.l'o! a-sitosterol and canpesterol lack this double borxi, dlemi.cal 
cleavage of their respective saturated alip'latic side dlains is mt 
ecxnmdcal as it also generates a n'JII'ber of lll'XEsirable by-products. 
For this reasa1 they have been discarded as useless wastes . 

� recently, however, ways "Were fami (by selectiat of pJ:'q)er 
DUtants, use of inhibitors, or dlemi.cal DDii.ficatiat of the substrates) to allow side chain :relliJYal of these sterols withalt affectinj their 
steroid ruclei. 'lhese c::ilservatialS "Were then develqai into 
large-scale pzocessin;J in which the side dlains of dlolesterol , 
s-sitosterol , and canpesterol are cleaved in high yields specifically to 17-ketosteroids (4-amrost:ene-3 ,  17-diale, 9x -hydroxy-4-arxlrostene-
3 ,  17-diale) in a1e fementatiat cpmltiat (see below) . Usin;J 
a&iitialal microbial manip.tlatiat, cxniitialS "Were also defined umer 
wc:h partial degradatiat of the steroid ri.n;J system ocx::urs and yields 
other products useful as nar substrates for further dlemi.cal syntheses. 

Copyright © National Academy of Sciences. All rights reserved.

Workshop on Biotechnology of Steroid Compounds as Contraceptives and Drugs:  Summary Report, Jakarta, Indonesia, December 15-17, 1986
http://www.nap.edu/catalog.php?record_id=19190

http://www.nap.edu/catalog.php?record_id=19190


- 96 -

R • -Soysterol 

22� Stigmast•rol (21 %) 
22 

�JY _,_Sitosterol (49%) 

22-Jy C.mpesterol (27%) 

FIGURE 7 Soysterols extracted as by-products of soybean oil . 

'!he origin of these develq:ments can be traced back to 1913 lbm it 
was reported that mycc:bacteria were able to utilize dlolesterol as the 
sole sruroe of carbal for growth (Sdu'¥jen, 1913) . 'lhis d:lsel:vatioo has 
si.D:le been Oa'lfirmed many times, ani bacteria belCDJin.J to the 
following genera were also foun:::l to grc:M on cholesterol : Arthrobacter 
(Corynebacterium) , Azotobacter, Bacillus, Brevibacterium, Nocarclia 
(Proacti.ngnyces) , Protaminobacter, Serratia , arxi streptgnyces (see 

Arima et al .  , 1969) . Sane bacteria were reported to degrade this 
substrate only partially. 

'lhus , methylheptanone was identified as a bacterial product 
originating fran the cholesterol side dla.in (Horvath ani Kraml.i, 1947 ; 
see Figure 8) • In a related stuiy the isolatioo of isocaproic, 
3-oxo-4-etiodlolenic, ani Wirrlaus '  keto acids clearly showed that oot 
ally was the dlolesterol side dlain cleaved, its steroid rin.J structure 
was also metabolized (TUrfitt, 1948 ; stadtman et al . , 1954) .  
SUbsequent data in:ticated that bacterial dissimilatioo of dlolesterol 
can p:t'C:Ceed via two different pathways: (1) by a stepwise degradatioo 
of the side dlain, ani (2) by a stepwise degradatioo of the steroid 
nucleus. '!he two pathways do oot cperate in sequence bit proceed 
in:leperxientl.y fran each other. '!bus, if degradatioo of the steroid 
nucleus does oot take place, ally the side dla.in will be degraded ani 
vice versa . 

Investigations of the medlani.sm of the dlolesterol side dla.in 
degradatioo identified the in:tividual enzymatic steps involved (Figure 
9) .  
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27 

AlofobKW sp. l'rr»cltnomyces Mycol»ctetium sp. 
• etythtopoiiS � J, 

� HOOC� 
20 23 + 

+ 0 
COOH 0 

2 5  

+ 
0 

24 

+ 

22 

FlamE 8 Earlier degradatioos of dlolesterol (27) to methyl.bept:arDle 
(20) , dlolestera1e (21) , ?-dehydrocholesterol (22) , isocaproic acid 
(23) , 3-axo-4-etiocholenic acid (24) , dlolestene-3 , 6-diale (25) , am 

Wimaus ' keto acid (26) . 

'1be sterol is first cxnverted to 4-dlolesten-3-a'le ("Which may or may 
net be 1-dehydrogenated to 1, 4-cholestadiene-3 ,  17-diale) . '!he 
teminal. c-26 methyl groop is then hydrax.ylated am subsequently 
axidi zed to the oon:espcni.iDJ c-26 caxbaxylic acid. '!his acid in tum 
is degraded by a JDEdlanism simi 1 ar to the classical fatty acid 
a· -axidatiCI'l, first to a c-24 caxbaxylic (3-oxo-4-c:tJolen-24-oic) acid 
with a release of 1 1110le of prcpiCI'lic acid, am then to a c-22 
antxDc:ylic (3-axcb:isnor-4-dlolen-22-oic) acid with the loss of 1 1110le 
(see Sih et al. , 1968 ; Arima et al . , 1978 ; Iida et al . , 1985) . Upon 
reiiDVal of a secxn:l 1110le of prcpiCI'lic acid via a retroaldol reactiCI'l, 
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> 

> 

1 5  

FIGURE 9 Mic:rcbial side dlain degradaticm of cholesterol (27) to 
4-cholesten-3-<me (28) 1 26-hydroxy-4-cholesten-3-<me (29) 1 

3-axo-4-cholen-24-oic acid (30) 1 3-axob�-cholenic acid (31) 1 

(15) 1 AD and propiatic (32) and acetic (33) acids. 
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the c-22 antx»c:ylic acid is then CXI'lVerted to a c-17 keta1e 
(4-arm-ost:a1e-3 ,  17-di.ale, AD) . If the substrate or arrJ of the 
int:m.1Dediates is 1-dehydrcgenat.ed, the final product of this sequence 
is 1 ,  4-androstadiene-3 ,  17-di.ale (AID) • 

'!he brancl1eci hydrocaztxm side dlain of a -sitosterol (am of 
amp!St:erol, its 241ethyl analogue) is degraded by a simi 1 ar oxidation 
sequence (sea Figure 10) • '1he pmcess is again initiated by the 
hydn:axylatiat of the c-26 methyl group, which in tum is oxidized to 
the cxnmspc:rdinJ caibaxylic acid. '1he carl::lon-carlx fissiat at 
c-24-c-25 am c-24-c-28 of this acid results in the fm:matiat of 
3-axo-4-c:hol.en-24-oic acid am 2 moles of propia'lic acid. As in the 
case of cb:)lest:erol this latter acid is further metabolized via 
3-oxadsnox-4""<ilolenic-22-oic acid to AD (FUj i.Dd:o  et al . , 1982a, 
1982b) . 

'1he steroid Nucleus 

Depel'dinJ at the czganism used, AD is then oawerted either to 
9t;l-hydraxy-4-mdrostene-3 ,  17-dia'le (9et-<EAD) or 1 , 4-andrcst:adiene-3 ,  
17-di.ale (AID: see Figure 11) . 

0 
34 3 5  

COOH 

+ 
3 1  

0 

-----:>� 1 5  

FIQlRE 10 Microbial side c:bain degradatiat of S -sitosterol (34) to 
24-et:hyl-26-hydraxy-4-cholesten-3-ale (35) , 30 , 31, 32 ,  33 ,  am 15. 
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9a-aw> is an excellent st:artin;J material for the synthesis of 
hydrooortisooe acetate because its rirq c is furx:tiooalized as the 
9a -hydroxy groop ani the corticosteroid side dlain can be easily ad:Jed. 
at C-17 by the krx:1.rm c:hemistry. 'lhus, by acid-catalyzed dehydratiat 
9a -<JIAD  yields 4 , 9 ( 11 ) -amrost.adiene-3 ,  17�ooe, Widl is first 
oc:raverted to brcm::hydrin with the hydroxyl groop at c-11 in the 
requ.ind a-oalfiguraticn ani is followed by the reductive ram:wa.1 of 
the branine atan. '1he st:ereoselective introductiat of the 
corticosteroid side dlain at the c-11 positicn then results in the 
fonnaticn of hyCrocorti.sa1e acetate (VanRheenen ani ShePlard, 1979) . 
'!his synthesis thus offers an alternative to the furx:tiooalizirq of the 
c-11 positicn by micrc'bial hydraxylaticn. Its ad:litiooal flexibility 
is that it also yields 17 , the st:artin;J materials 
for a number of therapeutically inp:ntant antifertility agents 
CShePlard ani VanRheenen, 1977) • 

'1he seocni product, AID, is pyrolyzed in high yields to esb::aJe 
fran Widl 19-n:r steroid oral contraceptives are synthesized by a 
mdi.fied Birch reducticn. 

In the subsequent steps of the steroid IUJcl.eus degradatiat (Figme 
11) , 9:1 -<IIAD is dehydrogenated ani AID is 9a-hydrax:ylated. '1he product 
of lx:Jth reactialS is the same ,  9a-hydrax:y-1, 4-amrostadiene-3 , 17�ooe 
(9a-aw:D) . Siooe it is highly unstable, 9a-aw:D iJD'IIEdiately 
� siDultaneoos aranatizaticn of rirq A ani cleavage of rirq B 
between C-9 ani c-10 by a nonenzymatic reverse aldol-type :reacticn, ani 
yields 3-hydrax:y-9 1 1<>-sec::x>-1 1 3 1 5 ( 10) -an:h'osta.triene-9 1 17�alf! 
(HSAD) . 'Dll:cujl a subsequent hydroxylaticn at C-4 (3 , 4-di.h:ydraxy-9, 
1�1, 3 , 5 (10) -an:irostatriene-9 , 17�ane, J:JiSAD) , rirq A is cpened 
by a �  cleavage whezeby a 2 , 6�oxocarboxylic acid is f011Ded. '!his 
acid is then cleaved to (1) 2-axo-4-hydroxyhexanoic acid, Wic:h in tum 
yields pyruvic acid ani prc.piooaldehyde ;  arrl (2 )  hydr.imene au:boxylic 
acids, Widl are useful substrates in the d1emical synthesis of 
retrosteroids. '!hey are further metabolized to sucx:inic acid ani 
eventually oxidized to carlxm dioxide ani water (see Kieslic:h, 1985) . 

In ad:liticn to its theoretical significarx:e , the elucidatiat of 
this degradatiat sequel'X'e was of coosiderable practical interest . It 
showed that (1) AD, 91 -<JIAD, ani AID (cx:nvenient substrates in the 
synthesis of steroid dl:u;;Js) are intermediates in these processes : ani 
(2)  they are fomed ally after the side chains of the respective sterol 
substrates have been oarpletely removed. It also showed that their 
degradation is initiated ally after they have been 9a-hydrax:ylated ani 
1 �ydrogenated, thereby yieldllg an unstable 9a-hydrax:y-1, 
4�en-3-ooe, Wic:h initiates the deo IIIOSiticn of the steroid 
IUJcl.eus . If ooe or lx:Jth of the enzymes involved (9a-hydrax:ylase ani 
l�ydrogenase) is inactivated, degradaticn of the steroid IUJcl.eus is 
prevented ani the respective products aooDllllate in the meditDD. 

To achieve this aoomllaticn three different methcxJs were used: 
(1) the substrates were dlemi.cally JOOdified; (2) the sterol degradation 
was perfonned in the pzeserre of inhibitors of the two enzymes 
involved; ani (3) the degradation was carried oot by 1111tants lac.ki.rg 
91 -hydroxylase !-dehydrogenase, or lx:Jth. 
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1 5  

36 16 

L "37 � 
J 0 

38 

HO 

39 

FIGURE 11 Mi.crci.lial degradatioo of the steroid rirg structure 
( 4-andn:lstene-3 1 17-diate1 15) to: 9a-hydroxy-4-arrlrostene-3 1 17-dione 
(9a-<EA01 36) ; 16 1 9a-hydroxy-11 4-a.rrlrosta.diene-3 , 17-dione (9a�, 
37) ; 3-hytb:axy-9 , 1�11 3 1 5 (10) -an:lrostatriene-91 17-diate (HSAD, 
38) ; 3 , 4�1 1�11 3 , 5 (10) -ardrostatriene-91 17-diate 
(IESAD1 39) • 
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COz + HzO � - - - - - - -- r"'coOH 45 HOOC 

FIGCRE 11 (ClCI'ltiBJecl) 2 , �caibaxylic (40) ard 
2-axc-4-h.ydraxyhexanoic (41) acids; propicmal.dehyde (42) ;  ard pyruvic 

(43) , hydrin:Jene caibaxylic (44) , ard succinic (45) acids. 
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Method 1. '!he obserlaticm that degradaticm of the steroid molecule 
was prevented by modifyirg the structure of the substrate was first 
made in 1958 . A psEUblalad was described to oawert 19-hydraxy-4-
amrostene-3 ,  17�ooe to est:.ra1e whidl was not further metabolized am 
a,cx,mllated in the medilDD (Dodsal am M.lir, 1958) . '1his oawersicm was 
shown to be carried oot by a strain of Nt?cyu'dia restrictus as well (Sih 
am Rakim, 1963) . In ackiiticm, estrale was for:med fran 
19-hydraxy-4-dlolesten-3-cme, 19-hydroxy-4-sitost.en-3-cme csih am 
wan;,, 1965) , am 3B-aoetcDcy-19-hydroxy-5-cholestene (Sih et al . ,  
1965) • '!he latter oawersicm is efficient (72 percent yields) am of 
partirul.ar interest siooe this substrate is oaweniently prepared fran 
dlolesterol acetate in tln'ee chemical steps (Figure 12) • 

A micrc:i:>ial reactiat was also :in::lmed in an efficient synthesis of 
19-nor steroids. As in the synthesis of estrale, 
3 B-ac::etaxy-�oro-6 , 19-axidoc:holestane (prepared fran dlolesterol 
acetate in two steps ;  see Figure 12) is oawert.ed to 
6, 19�-an::Jrostene-3 ,  17-di.ooe, a key inteJ:mediate in the 
synthesis of 19-nor steroids (Sih et al . , 1965) • 

'1hese c:xllbined chemical-micrc:i:>ial prcx:edures represent the shortest 
am JOOSt efficient :rc:utes for the synthesis of estrale am also of 
19-nor-17cs-ethynyltestosterone am related cart:raceptive agents (see 
Djerassi,  1966) • 

Method 2 .  As mted earlier, steroid 9a-hydroxylase is a key enzyme 
respci')Sible for the degradaticm of the steroid mcl.eus. '!bus, 
inhibiticm of its acticm means that the integrity of the mcl.eus is 
pnaserved while the selective side chain degradatiat am 
1-dehydrogenaticm pzooeed 1.11'linpajied am result in the fomatiat am 
acomllaticm of AID. Siooe the hydroxylase is a Fe2+ � oc:nt:ainiJq 
�, the lipcpill.ic i.rcm c:helatirg agents aooc��pli.sh the 
desiz'ed selective side chain degradatiat. A:llag them, a a  1 -di.pyridyl , 
1, 1(}-Ji1enanthroline, am a-hydroxyquinoline proved JOOSt effective for 
the acom1laticm of AID. others that were active by the same mec:hani.sm 
:in::lmed cupferrcn, diPlenY'lthiocarbazone, diethyldithiocarbamate, 
isaU.�c �;id �ide�_ or g-phenyt�l . .  Also2�ffective 
were N1 , CO , n.� , Se03 , arxi As02 by rep acll'g" Fe 
or blc:x::kirq SH-f'urx:tia'lS . 

em the basis of this am ather infomaticm, fenoentaticm processes 
were develcp:d for the productiat of AID fran dlolesterol in Japan 
(Mitsubishi Olemical Imust.ry) am the Netherlards (Gist-Broc:ades) • 

AID in tum is a valuable substrate for the synthesis of a nDDher of 
steroid hcmDae�: estiogens (estradiol, estriol, mestranol, 
climethi.st.era) , progestogens (ooret:hi.st:era, norethynodrel , 
ethynodiol diaoetate) , anirogen (testosterone) , anabolic 
(oorethamrolooe) an:l diuretic agents (spironolact:a1e) , as wll as a 
corticosteroid (t:ri.ancinolone) . 

Method 3 .  'lhe third method is superior to the two described 
alx:we. To generate the above prcducts, it requires neither 
modificaticm of the substrate nor the additicm of metal ia'lS am 
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FIGURE 12 Synthesis of estrale (47) am 19-nor-4-amrost.ene-3 ,  
17-dicme (48) fran cbolesterol acetate (46) . 

dJelatinj agents to the fementatiate Rather 1 it arpl.oya Jllltants 
derived fran the total sterol degraders �c::h are selectively blocked 
in the deo "taJitiat of the steroid mcleus. In ad:liticm, other 
DUtants my be selected fran such DUtatecl pqW.atia'lS, which are 
blocked at various stages of the degradative pathway, JIBkin) it 
feasible to isolate the respective int:eJ:mediaey products, irx:l\d.in;J 
ri.rg A�alerJ tricyclic c:arpa.uD;. 

'lhe :met:hodology of generatinj, selectinq, am evaluatinj such 
DUtants is a lllel.l-established process (see Marsheck et al .  , 1972 ; 
WOVCha et al . , 1978 . )  It involves DUtatiat of a potent 
sterol-degradirq organism am selectiat of DUtants with the desired 
prcpnties. 'lhe biotransfm:matia'lS are generally carried a1t by 
growi.rg the selected DUtants in nutriticmal.ly rich media in shaken 
flasks am in aerated fenuentors. 'When the late logarithmic or early 
staticmary grart;h pmse is readlecl, the substrate is �, the 
incubatiat is ocmtinued, am the progress of the biotransfm:maticm is 
JIOlitored by C!AD=qJriate analytical methods . Because of their 
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:inbenntl.y pear solubilities in water, the steroid sulstrates JNJ.Y be 
acJcJed to the medium in fine suspensia'lS or dissolved in water-mi.scibl.e 
mganic solvents (N,N-dimethylfanamide, aceta1e, dimethyl sulfoxide, 
ethylene gl.ya:ll , am ethanol) . Given their tmdcity, the 
c:xn:Blt:ratia1 of these solvents shalld be as low as possible. To 
eliminate such taxi.c effects, finely pc:JWdered substrates are also used 
or water-soluble derivatives prepared (cyclcixlmte esters, steroid 
21�tes) . 11&1 the bicxx:nversiem is CXIIpl.eted, the pl'tlducts 
(am any unreact:ed substrate) are isolated by the established solvent 
extract.ial pre cedi lEe. 

Al.tb::u]b these transfm:maticms have been carried rut by the 
traditicmal. batch fetliEI1tat.ials, they can also be perfOiliiiE!d with washed 
restiD) cells, spat"eS, or isolated enzymes t.bich have been imDcbilized 
em a suitable carrier (IFAE-oellulose, aceylamide) by the cross-linlcin) 
illlridli.zat:i.cm t:ectmique. '1he advantage of this manipll.at.:i.cm is a 
minimal loss of enzyme activity am inpraveci stability. 

CXH::UEiaf 

Mi� are jnportant in the marJ.lfacture of various 
c:arpa.11'D; such as antibiotics, organic am amino acids, vitamins, 
mcJ.eoti.des , am mcl.ecsides . '!hey have also been used with 
cxmsiderabl.e suo: e ss as catalysts of specific reactia'lS with which saoe 
imustrially valuable c:arpa.11'D; are produced: hydrolysis of 
penicillins G am V for the p:cductiem of superior semisynthetic 
pellicill.ins; pr:eparat.:i.cm of pJre Irami.m acids by resolut.ial of their 
racemic �; axi.dat.:i.cm of D-f:razbitol to L-sol:bose am fm:mat.:i.cm 
of 2-ketcgul.cmat:.e fran gl\lOOSe in the synthesis of vitamin C; ard 
reactiaB involved in the synthesis of the artificial sweetener 
aspartame . 

In the synthesis of steroid bonla1es two :1c:ims of mi.crc:i)ial 
manipll.at.:i.cm had a �.iderable .illplCt em the ecaunic productiem of 
these CXIIp:JUI'1ds: 1� - ard 11 a-bydJ:axylatia'lS ard 1-dehydJ:cgenatiat in 
the early 1950s, and the selective ard efficient side chain degradatioo 
of abJndant ard inexpensive sterols in the 1960s am 1970S. 

In vial of the effectiveness am established therapeutic value of 
the key steroid honlales, me might expect that further iDpravements 
will be made in their productiat by means of new am DDre efficient 
microc:Jtqanism. '!his effort will also i.rclme modem methodologies 
such as c:beaart:at uutatiat, prat:q>last fusiat, am reccmbinant mA 
tecimology. 

Abd-El samie, M. E.  I M. B. Fayez , H. G.  osman, am L. A. R. sallam. 
1969 . z .  Al.lgem. Mikrcbiol .  9 :  173-182 . 

Arima, K. , M. Nagasawa, M. Bae, am G. 'l'allllra. 1969 . Agric. Biol . 
<llem. 33 : 1636-1643 . 
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:Keyncte Mires& 

Didin s.  Sastrapradja 
Assistant (II) Minister of state 

for Researcb ard Tedmology 

It is a pleasure ani ha1or for me, oo behalf of the Minister of 
state for Research ani Tedmology ard Olah:man of the steerinj 
cxmnittee, to wel.caDe you to the openin:J of this Workshq> cm 
Biotectmology of steroid Q:qlounB as cattraoeptives ani Drogs . I 
lllalld also like to ext:erd cur warm greetiD;Js to the participants fran 
the united states, as well as fran Inblesia, ..me will share their 
invaluable knowledge, experience, ard ideas in the del:iberatia1s ani 
dj saJSSi.a1s at this workshq) . 

In oc:t:dJer 1983 , the u.s. NatiCI'lal Researcb CDJrx:il. ard the 
Inblesian Ministzy of state for Research ani Tedmology cxmvened a 
synpJSium in wasbinJt;al, D.c. at potential Inblesia-u. s.  collaboration 
in science ani tedmology. One of the priorities reoc ""enied by the 
synpJSium was develqd.DJ ooqlElrative progzams in the field of 
biotectmology ani related subjects . 

As a follaf-UP to the synpJSium, two � 1llle1:'e organized by 
the u.s .  Natialal. Researcb CDJrx:il. ani the Inblesian Natialal. Research 
CDJrx:i1 in Jakarta: the workshq) at Marine Algae Biotectmology, 
Deoent'er 11-13 , 1985, ard the WOrlcshcp a'l Biotectmology in .Agriculture, 
Mal:dl 13-14 , 1986 . At the first workshq) various aspects of the 
cultivaticm, pzccessiDJ, ard marketi.rq of marine algae 1llle1:'e disalSsed. 
At the seccn:l workshq) the dj SOlSSials focused a'l animal proclucticm, 
with an eq:ilasis at Ellbryo transplantaticm, plant cell ani tissue 
culture, biolcqical nitrogen fixaticm, ard bioconversicm of 
agricultural wastes . 

'lhi.s li!IOrkshq), the third in the series, will deal with the 
producticm of sitosterols fran agricultural � ani other 
natural :resources, the proclucticm of steroid CDiplUI1ds by plant cell 
ani tissue culture as well as by fennentaticm, ani dlemi.cal synthesis. 
It is also expected that the di srussions will cover the establishment 
of research ani developuent programs , scientific ani technical manpower 
t.rainirg, iniustrial applications, feasible U. s. -Irxialesia ooqlElration 
in this field, ani other t:cpics requiz'ed. for the plan of actiat. 

Aba1t 45 persoos 1llle1:'e invited to this workshop-five fran the 
united states ard 40 fran Inka1esia. '!hey caDe fran various govenment 
research ani developteut institutes , universities, ani state 
enteJ:prises. � to the met recent infm:matiat, 30 Inblesian 
participants are present this Dm1li.rg. 
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we are aware that Imalesia is a l"f!WX'DPT in the field of modem 
biat:ecbnology, ard that there is a lag way to go before we can 
actively utilize it to help advance cur imustry. 'lherefore, it is cur 
simere hq)e that this workshop will produce 'bmjible results that can 
be used to speed up the developteut of biat:ecbnology in Inka1esia. 

In c:x:n=:lusicm, my I take this qpntmrl.ty to officially extend cur 
�iaticm to the U.s .  Naticmal. Research OJuncil for its CX'l'1tinJcus 
assistarx:le ard ooqlemtiat, to the u.s .  11:JerCY for Internaticmal. 
Devel.opteut, to the ciist.in;Juishe participants, ard to the Office of 
the Minister of state for Research ard 'l'ec:tlmlogy, the 11:JerCY for the 
Assessment am AR:>licaticm of Tedmology' the secretaey ard staff of 
the :rmonesian Naticmal. Research OJuncil , the organizin;J ccmnittee, am 
others ,me in cme way or another made this workshop possible. 

last but JXJt least I wish you all every SIJccesS in yaJr di SOlSSialS 
am deliberatials ard may yau:- stay in Jakarta be fruitful am 
enjoyable. 
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APPENDIX B 
Openirq Remartcs 

Margaret Ba1ner 
Actirq Director I 

tEAID Missicm in Indalesia 

'lhe u.s .  lqea::y for Intematicmal. Develcpnent [tEAID] is pleased to 
be associated with the thin! biotec:tmology wcrkshq> jointly presented 
by the U.S.  Naticmal. Research OJuncil [NRC] and the Indalesian National 
Research CDn:il. [r:Rt] for several. reasa'lS . cne reascm is the role 
that tEAID plays in praJDtin) the CXIl'tinti.n;J relat.:i.cmship between the 
NRC am r:Rt. we believe that this is an iDportant relatia1Ship which 
sm:ves the pnpose of brirqi.rg together saae of the tq> scientists fran 
cur mspective oomrt:ries. 'Ibis is iDportant fran both a micro and a 
macro pm:spective. Q1 the micro side it is significant in that the 
scientists of both oomrt:ries can share the latest in t.ec:.tu'xlloqical am 
scientific advancement with the potential relative benefits that might 
flow fran such an �. '1he relaticmship is also iDportant in a 
macro sense in that establishment of strag ties between Indalesia am 
the united states in the scientific field has an influence in 
� the existin) friemsbi.p between cur oomrt:ries . 

When I first heard that steroids were to be the main tq>ic of 
di soJSSicm at this wcrk.shq), I had an image of athletes, as w say in 
the united states, 1tpmpirg iral, " sin:le as a lay persa1 the cml.y 
knowledge I had of steroids was its camect:i.a1 with brl.lcliD) athletic 
capacity. I famd it plZZli.rg that this tq>ic had been dlcsen, b1t I 
assumed that cur two illustrious scientific organi.zatia'lS were JXJt 
goi.rg to be involved in pmpirg iral. And I was proven cm:r:ect. '!his 
wcrkshq> is JXJt ccnm.ned with producin) super human athletes . Rather, 
it will affect an area of great interest to tEAID and cme in littrl.ch w 
have had a lCDJ involvement in Inda1esia-family pl.ann.i.D). 

'lhe SEC 55 of Inda1esia 1 s family plann.irg p:r:cg:r:am is known 
lii!Orldwide. '1hrough its detemined efforts, the crude birth rate 
decreased fran 46 per 1,  000 pcpll.aticm in 1970 to 33 per 1,  000 in 
1984 • StlcJcesS also bri.l'xJs p:r:d>lems, hawever 1 am Imalesia I S  rapidly 
expardin;J family pl81'11liDJ p:r:cg:r:am requires an in::reasirg SUR>lY of 
cxmt.raceptives, ilx:ll.dirg oral mes . 'lhe distribrt:.icm of these has 
increased fran �tely 1-2 millicm cycles in 1970 to aver 65 
millicm cycles in 1985. With the current anticipated pcpll.aticm 
g:r:art;h, and with aver 25 millicm lllltiDe1'1 in the childbearirg age groop, 
it is estimated that aver 150 millicm cycles will be neeied by the year 
2000 . 

steroid CCl'ltraoeptives am dJ:u3s can l'X1tl be produced imustrially 
fran sitosterols through fermentaticm. loireaver, sterols as raw 
materials are relatively inexpensive because they can be obtained as 
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by-products fran a mJII!ber of agrialltural products ard fran t:rcpical 
plants. o:nsiderirq the iDpJrtance of steroid CD'ltracept.ives in the 
natiaal. family pl.ann:iDJ p�:ogram as well as the high value of steroid 
dm:]s , we are pleased to SlJRX)rt Inblesia ' s efforts in produciDJ 
steroids fran i.ndigencus natural products . FurtheDm'e, the 
illplicaticm of Inblesia hecnnin;J possibly self-sufficient in the 
prcducticm of steroid CXI'ltraoeptives by utilizin;J i.ndigencus natural 
:resoumes fits the gcverment ' s  policy of reciucin) iDport:s ard 
strerxjthenir¥J daDestic prociuct.ial capabilities. 

USAID is prcui to be a part of this associati.al. we WOll.d like to 
oaq;atulate both the u.s .  Natialal. Researdl coorx:i1 ard the Inblesian 
Natialal. Research CDmcil cm past SIJCCeSses fran earlier worJcshqa ard 
to wish you a fruitful � in this 'WOJ:'kshq) cm the prcducticm of 
steroid CCIIpJU1'DI far CXI'ltraoeptives ard dn.¥1s· 

.... 
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Cl.osirq Remarks 

Didin s .  sast:rapradja 

we have all listened carefully ard di scussed extensively the 
repents of the wark:iJg grrups ard finally heard the report of the 
steerirq cxmni.ttee . After three days of serious discnssioos em various 
aspects of steroid � as CD'ltraoeptives am chu]s , we na..� oaoe 
to the en:l of cur 'WOrkshq). I am very .iupressed with the results of 
this meetirg in whi.cil all of you have successfully fcmllll.ated the 
potential sc:m:oes of steroid � am methods of productiem. I 
hqle that the results of this meetirg can be used as a basis for the 
devel.opuent of a detailed plan of actiem for .iDplaoentaticm. 

As I explained in the openinq sessicm, Indalesia is payirq serious 
attenticm to the devel.qmsut of a naticnll capability in 
biotechnology. 'lbe Office of the Minister of state for Research am 
'l'ec::.t'lrDlogy is wark:iJg bani to fOJ:lllll.ate "a developuent strategy em 
biotechnology" am is tzyirq to identify priorities for actiat. I am 
therefore oawinced that the ideas fcmllll.ated in this 'WOrkshq) will 
ocnt.ribute significantly to the oatpl.eticm of the strategic policies 
that will lead to .iDplaoentatiat. 

em behalf of the Minister of state for Research am 'l'ec::tloology, I 
wish to extern cur �iatiat to all of you for yaJr participaticm in 
this meet.in:J, am to the u.s. Naticmal. Research Cbmcil, am 
partiail.arly to Mrs. Rose Bamigan, for its CX'l'1tinJcus coqlenltiat am 
ass� . 
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08 . 3()-()9 . 00 Registratiat 

09 . 0()-()9 . 30 ()perlinJ oeremcny 
Keynote Addl:ess 
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APPm0IX D 

P.t'Of. Dr. Didin s .  sastrapradja 
Assistant (II) Minister of state 

for Research am Tectlnology 

Opellin) Remarks 
Dr. Margaret Ba1ner 
.Actin:J Director, USAID Missicn in ID:klnesia 

09 .  3()-()9 . 45 COffee Break 

09 . 45-10. 45 Pmsentaticn: 
Developteilt of steroid � as a Raw Material 
for Illu1S, by Drs. utarto 
Qlahpe.rsal, Dr. 8usa1o 8aa1o 
RaAJorteurs, Ir. sadjUJa am ora . lla'Dati 

10. 45-12 . 00 rresentaticn: 
Extracticn am Biotransfozmaticn Sbnies of steroids am 
a:npdnan Alkaloids fran Indonesian Biological Resa.Jrces , 
by Isdlak Illbis, M. lbam. am or. 8usa1o 8aa1o 
Qlahpe.rsal, Dr. Ponis Tarigan 
Rapporteurs, cr. Bani !tX:htar am ora . lla'Dati 

1 .  oo-14 . 45 Pmsentaticn: 
'!be Role of Plant Tissue Oll.ture in Hlaimacy 
am Biot:ecbnology, by or. E. Jalm staba 
Olahpersca, Dr. Gustaaf A. wattimena 
Rapporteurs, Ir. sadjUJa am ora . lla'Dati 
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14 . 45-15 . 45 Pmsentati.cns: 
Productia1 of steroid � by Fementatia1, 
by Dr. 0. K. sebek 
Synthesis of steroid oral a:ntraceptives Avail able in 
the united states, by Dr. Hy\m K. Kim 
aahperscm, Dr. Palis Tarigan 
�' Ir. Hasni ltXbtar ani Ora. Ratna Qmrd:ra 

15. 45-16. 00 COffee Break 

16. 0o-17 . 00  Groups Discnssia1 
(Breakin:J into three groups) 

QBCEMRER 16. 1986 

09 .  oo-10. 30 Groups Di.scussia1 (In:Dlesian paper 
pr esm:d:ed in each group) 

10. 3Q-11. 00 COffee Break 

11. OQ-12 . 45 Groups Di.scussia1 (continued) 
12 . 45-13 . 30 lunCh 

13 .  3Q-15. 00 Groups Discussia1 (oantinued) 
15. oo-15 . 30 COffee Break 

15. oo-17 . 00 Groups Discnssia1 (oantinued) 

15 . 3Q-17 . 00 Groups Discnssia1 (oantinued) 
Fcmn1l atin;J ocn::J.usicns ani recc ll"etmticns of groups 

IB'fflRfB 17 I 1986 

09 .  OQ-10. 30 Plenary Sessial 
Olahperscm, Drs . utarto 
:RaAxnteur 1 Drs . Taufiq Amin 
Natul.ists, lll:h. Ida laJsll!Mh ani Ora. Ratna amrd:ra 

11. Oo-12 . 00 COffee Break 

12 .  oo-13 . oo Cl.osirg CerenDny 
- Report of the steerirg Ccmnittee 
- O iiileJ'lts CXl the Worksh.q) by Dr. Malroe E. wall , 

Olaiman of NRC Panel 
- Remarks , Pl'Of. SediaJO Tjcn:b:a1egoro, 

secretaJ:y 1 Inialesian NatiooaJ. Researdl ca.mcil 
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- Closil'g Remarks, Prof. Dr. Didin s .  sast:rapradja, 
Assistant (II) Minister of state for Research 
am Tectmology 

lJ . Q0-14 . 00 Iundh 
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A. M. satari 
Sedia10 M. P. Tjama:egom 
Qei Ban Lian;J utarto 
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