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NOI'ICE: '!be project that is the subject of this report was~ by the Gcverni.rq
Board of the Natia'lal Research 0Juncil, whose JIIEI!IIbers are drawn fran the ocuncils of the
National Academy of SCiEn:l9S, the Natia'lal Academy of Eh1ineerin;J, am the Institute of
Medicine. '!be JIIEI!IIbers of the OCIIIIIittee respalSible for the report were d10Ben for their
special oatp!tence am with mgard for dfPlqniate balance.

'Dri.s report has been reviewad by a group other than the authors accard:iD:J to
procedures~ by a Rsport Review CCIIIIIittee 0CI'lSist.iJ'q of JIIEIIbem of the Natia'lal
Acaclern¥ of SCierD!s, the Natia'lal Academy of Eh1ineerin:J, am the Institute of Medicine.

'!be Natialll1 Academy of SCierD!s is a private, ncqxrofit, sel.f-perpetuat.in;J society
of~ IICb:Uars ElIgaged in scientific am ergineeri.rg research, dedicated to
the :furt:he!:'aooe of sci.e1ce am tectmology am to their use for the general. wlfare.
Upon the authority of the c:harter granted to it by the cagress in 1863, the Academy has
a IllaIDate that requires it to advise the federal govmTIIII!I'lt 00 scientific am tedlnical
matters. Dr. Frank Press is president of the Natia'lal Academy of SCiences.

'!be Natia'lal Academy of Eh1ineerin;J was established in 1964, umer the cbarter of
the Natia'lal Academy of Sclences, as a parallel m:ganizatioo of a.tt.starnirq eDIineers.
It is auta1alrA.1s in its administratioo am in the selectia'1 of its JIIEIIbem, sharin;J with
the Natia'lal Academy of SCiEn:l9S the respalSibility for advisin;J the federal
goveJ:TJme1'lt. '!be Natia'lal Academy of Eh1ineerin:J also spalSOrB eDIi.neerin:J programs
aimed at meetin:;J natia'lal needs, erxxJUrageS educatioo am research, am recognizes the
superior achievements of eDIineers. Dr. Rd:lert M. illite is president of the Natiemal.
Academy of EhJineerin;J.

'!be Institute of Medicine was established in 1970 by the Natia'lal Academy of
SCiEn:l9S to secure the smvioes of ElIIlinent JIIEI!IIbers of ~iate professia'1S in the
examinatioo of policy matters pert.ai.niJ¥J to the health of the public. '!be Ir8titute
acts umer the respalSibility given to the Natia'lal Academy of SCiences by its
ocup:essia'lal c:harter to be an adviser to the federal govenDBut am, upal its own
initiative, to identify issues of medical care, research, am educatioo. Dr. sanuel o.
'lbier is president of the Ir8titute of Medicine.

'!be Natia'lal Research o.::ux:il was organized by the Natia'lal Academy of SCiEn:l9S in
1916 to associate the broad OCIIIlL1Ility of science am tectmology with the Academy's
p.uposes of furtherin;J JcnowlEdje am advisin;J the federal govenment. F\n::tiarlrg in
accordance with general. policies detennined by the Academy, the 0Juncil has beocIIIe the
pr.in::ipal operatin;J aqercy of both the Natia'lal Academy of Sclences am the Natiemal.
Academy of Eh1ineerin;J in provi.din;J sezvioes to the govmTIIII!I'lt, the plbl1c, am the
scientific am eDIineerin;J OCIIIlL1Ilities. '!be o.::ux:il is administered jointly by both
Academies am the Institute of Medicine. Dr. Frank Press am Dr. Rd:lert M. illite are
cha:inllan am vice c::bai.nDan, lespectively, of the Natia'lal Research 0Juncil.

'Ibese plooeedinJB have been prepared by the Board 00 SciAn» am Teci1nol.ogy for
Internatialll1 Develq:ment, Office of Internatia'lal Affairs, Natialll1 Research o.::ux:il,
in cc:x:pmltioo with the Natia'lal Research o.::ux:il of the Rep1blic of Inda1esia, for the
Missioo to Inda1esia, u.s. 1qeI«:;y for Intematia'lal Develq:ment, umer Contract No.
ASB-0333-IrOO-5161-o0.

Copies are available fran:

Board 00 Science am '1'edlrx>logy
for Internatia'lal Develqment (1D3TID)

Natia'lal Research 0Juncil
2101 CoIlstitutioo AvenJe, N.W.
washirqt:al, D~C. 20418 tEA

Residents ofInda1esia shoold recp!St ~ies directly fran:

Natia'lal Research o.::ux:il (rRf)
Office of the Minister of state

for Research am Teci1nol.ogy
Jl. veteran III, P.O. Box 3761
Jakarta 10110, nu:x:H::SIA
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In 1986, the Natialal. Researdl 0Jurx:il. of :Irda1esia (lEN) invited
the Board a'1 scieooe am Technology far Internatialal. Developuellt
(asr:w) to join it in spa'lSOrJnj a workshq) a'1 the productia'1 of
steroid 0 "1a.Jl'DJ far oa1t:raceptives am dzu:.:Is in:Irxb1esia. '!his
workshq) was held in Jakarta, :Irda1esia, Deoerrter 15-17, 1986.

'Dle pri:aBJ:y cbjectives of the workshq) were to exdlarge infcn:mation
a'1 am experierx:e in iDplementirg biot.ec:i1oological tedmiques to
produce steroid cxntraoepti.ves am dn¥;Js, to di sa:q;s the prospects far
the biot.ec:i1oology needed to produce these substances fran natural
:resources, am to set priorities far an action prc:xJ1am in this area to
enhance the natialal. capability.

'Dle rapidly~ family planni.n.J progzam in :Irda1esia requires
an iJx::reasJnj SlJR)ly of oa1t:raceptives, incll.¥iinl oral aleS. 'Dle
d:istribItia'1 of oral oa1t:raceptives has :in::reased fran awraximately
1-2 millia'1 cycles in 1970 to CNer 65 million cycles in 1985. Given
the c:::urre!lt anticipated pcpnlation growth am the CNer 25 millia'1 wauen
in the childbearJnj age group, it is estinated that CNer 150 million
cycles will be needed by the year 2000.

In the past the SlJR)ly of oral cxntraoepti.ves was, to an inportant
extent, met by foreign assistance, bIt llI.1dl of this assistance is now
beJnj ten»inated. Q:I'lsiderin;J the inportanoe of steroid cxntraoepti.ves
in the natialal. family pl.anni.rg prc:xJ1am as well as the high cxmnercial
value of steroid c1nJ3s, the goverrment of :Irda1esia decided to strive
rapidly far self-sufficiency in SURllyiIg these dn¥;Js.

Particular attention was given in the workshq) to the utilization
of irdigerD1S natural:resources. Wcnicshq> participants recognized,
however, that tat:al as well as partial synthesis DI.1St be adq7t:ed to
achieve the dljective of pnJduci.rg the necessary steroid 0 "IGJOOs far
cxntraoepti.ves am dzu:.:Is.

'Dlese activities were cne activity in a larger program of
~tia'1 between flSlW am the :Irda1esian government. Beglm in
1968, this program has featured a series of worksbc::p; a'1 focxl policy,
irdustrial am tec:tmological :researd1, natural :resources, roral
productivity,~ planni.n.J, marine algae biot.ec:i1oology,
biot.ec:i1oology in agricultural develcpnent, am develcpnent of a sci.erx=e
am technology infcn:matia'1 system. lan'ID's participation has been
SlJR)Qrted in the oart:ext of a scierx:e am t:edmology loan fran the
u.s. lqerr::y far Internatialal. Develcpnent (USAID) to the government of
:Irda1esia. 'Dle CULLeJlt two-year prc:xJ1am with B:STID calls far a nmtler

-ili-



of activities (panel disolSSims, work.shqls, follCM-Up activities, or
small advisory graJpS) to be organized eadl year.

ClQNIZATICB OF '!HE t«>RI<SH:>P

'n1i.s workslq> was organized by a steerJnj ccmnittee umer the
sponsorship of the :Irda1esian Natiooal Research O:UX:il.

Dr. Didin S. sastrapradja, Assistant (II) Minister for Research am
Tedmology am 0lainDan of the Natiooal Ccmni.ttee on the Develqment of
Biotec1'1rK)logy, qe'}ed the workshcp on behalf of Dr. B. J. Habibie,
Minister of state for Research am Tedmology am 0lainDan of the lEN
(Awen:lix A). In his keyoote acXJress, Dr. sastrapradja described the
larg relationship between Imalesia am the U.S. Natiooal Research
o:ux:il am its ~tive procp:ans in the field of biot.ec:i1oology am
related subjects. Dr. Margaret Balner, Actirg Director of the USAID
mission in :Irda1esia, CXX1iuerrt:ed on the inp:lrtaJx:le of these ki.rrls of
exr:him]es in establi.shiJ'g st.rcnj scientific ties between Imalesia am
the United states. In additioo, she ooted that this workshq) will
affect an area of larg-stami.nJ USAID interest in :Irda1esia-family
plannin;J (Awen:lix B).

Part I of this r:epOl:t is~ of papers prepared for the
workshop. Followin;J presentatioo of these papers, participants broke
into three wm:kinJ gra.tpS that ackiressed:

1. Sitosterol sooroes fran agricultural by-products am natural
resources

2. Productioo of steroid~ by plant cell am tissue
cultm:e

3. Production of steroid~ by fennentation am chemical
synthesis.

A SUIlIIIal':'Y of the c:xn::lusims am reccmnerx1atims of these workin;J
gra.tpS is presented in Part II of this r:eport. Part III oontains
papers prepared by varioos U.S. am Imalesian particiPants that
acXh'ess the tq>ics oavered by the work:in.J gra.tpS.

on the final day of the workshcp the oaX:lusims am
~ I.i.e.rnatims of the three wm:kinJ graJpS were presented by the
~ of eadl grcAJp. Dr.!blroe E. wall, dlainnan of the U.S.
Natiooal Research o:ux:il (NRC) panel, spoke 00 behalf of his U.S.
oolleagues abaIt the varioos steps needed for Imalesia to further
develop its capability in steroid production. ClosJnj remarks by Dr.
sastrapradja, the workshq> agerrla, am a list of the particiPants are
i.Jx:luded as~ C, D, am E to this report, respectively.

'n1i.s workslq> report was prepared by Rose Bannigan of the Ia)TID

staff usJnj papers written by the Imalesian am NRC workshcp
particiPants. '!he papers have been edited to el:iJni.nate duplication,
bIt they accurately reflect the disolSSioos. 'lhe final draft was
reviewed am awroved by the members of the NRC panel am the
Imalesian organizJnj ccmnittee. sabra Bissette I.edent, Ia)TID

consultant, edited the repOl:t. 'lhe particiPants woold like to thank
the members of the workshcp secretariat for the excellent organization
of the workshop.
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utarto
Director, PI' Kimia Fanna

USE OF STER>ID au;s IN INIXm::SIA

oral oantraoeptives play an inportant role in the family plannin;J
progLam nm by the Natiooal. Family Plannin;J Coordinatirg Board (BKKIti)
in Indalesia, althcujl a variety of other cart:raceptives are also
available. 1be BKKIti family plannin;J progLam distril:utes contraceptive
devices at 00 charge, thereby daninatirg the di.st:rib.tti.on of
oantraoeptives natiooal.ly. 'lhose cbt:ainirg contraceptives fran the
private sector DIlS't, of course, pay for the devices-i.rx:Il.r:ii.nJ savices
ani CClltrols--them:lelves. '!his balance will dlan;Je gradually in the
future, however, because government sperrlin;J will be limited. It is
expected that the distri.b.1ti.on of free contraceptive devices will
decrease, while the distrihltioo of partially subsidized ani fully
tXJIIMTCial dJ:u:1s will increase.

unfortunately, the ability of Indalesians to p.1L"Chase
contraceptives is still limited, maki.rg the overall situation of the
family plannin;J pIogram a gloany ale. Cl:rt:aini.rv;J help fran abroad
t:hrc:uJh grants or soft loans may still be possible, bIt heavier
government expeniitures DIlS't be avoided. All these factors will
unbJbtedl.y lead to the develqment of family plannin;J activities in
the private sector, especially aII¥:n1 privileged CCIIII'lmities such as
those liviIg in the cities, ani to the ULgellt need to produce the raw
materials for oral oantraoeptives, thereby saviIg foreign exdlarqe as
well as creatirg new sources of i.ra:me ani new jci:lS.

In the past, oral contraceptives for the :BKI<m family plannin;J
program were largely acquired t:hrc:uJh grants fran abroad. As a
consequence, the Jd.njs of pills ootai..ned deperrled on such factors as
whim c:amtries were williIg to give a grant or loan for the program,
what types of pills were available in those c:oontries, ani whether the
pills provided ani those who used them were carpatible.

It was largely because of these factors that the first oral
contraceptives distriJ::uted in Irxb1esia by the family plannin;J program
were Noriday 50 (considered a high~ pill) ani ovostat
(distriJ::uted on a limited basis). 'Dlese factors also explain w.y
Noriday has been mamfactureci locally by Kimia Fanna s.iJ¥:,e the early
19808.
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~ effectivel~ pills with fewer side effects are row
beiIg di.st.ribIted, bIt the familyp~ PI09Zam foom that the shift
fran high- tol~ pills was not as easy as expected because of
~ prcblE!IDS. 'Dle D:JSt difficult prcblem, however, was that
0CI'lSUIDerS were hesitant about c:ilarKjin:J their usual cxnt:raceptive far a
new ale. 'Dle family plal'U'linJ PIogram is presently usiIg two types of
l~ pills, especially anag new participants. '!hey are
levcn:>rgestrel. 150 microjEth est:radia1 30 micro ani dMCXJSSlLe1 150
microjEth estradiol 30 micro. 'Dle latter drl¥1, mamfactured by
Organan, is known as Marvelon. It is beiIg used by the family plannirr:]
progLam~ a grant fran the n.rt:ch gaverraent.

In 1985-1986, the BI<I<m family plarmi.rxI PI09Zam distriJ::uted the
follCJltli.IxJ oantraoeptive devices: IUDs, 34 percent; oral
cxnt:raceptives, 43.9 percent; injectien drugs, 14.2 percent; cx:niaDs,
3.5 percent; am others, 4.4 percent. '!he injection drugs used by the
family plal'U'linJ PIogram CCI'lSist of steroids. 'lhus, 58.1 percent of the
oa1traoeptives distriJ::uted are based en steroids, excl\dirg NoLplant
(susuk KB).

Injection drugs are smprisiIgly well aocepted by participants in
the familyp~ progzam, am use of these drugs is .iIx:reasiIg fran
year to year. 'Dle daninant drl¥1 di.st.ribIted is Depo-Provera
(Upjdm) --aba1t 8 millien vials per year. Its active~ is
med:raxyprogest acetate. Norethistera1e enanthate, another
injection drl¥1, is also beiIg distriJ::uted, bIt in smaller quantities.
'!he 'Ne8kness of this drl¥1 is that it is a kini of oily solutien with a
shorter irrt:ezval of injection (ale Dalth) •

'!he family planniJy;J program is also usiIg Nol:plant, a recent
inventien. A plastic needle oant:ainin;J levonoLgeStrel is planted
subdermally in the harxi far a time-release of five years. AbaIt 20,000
mrlts of Nor:plant are used eam year, maki.rq In:b1esia the laLgeSt
consumer of this kin:l of device.

Projectioos of the future needs far oral ani other oantraoeptives
based on steroids (takin:J into aocamt the future eq;ilasis en
l~ pills) are shawn below. '!he projected first-stage demarxi
far raw materials for steroid production follows:

cent.raceptive

Noriday 50
NoLminest
MicrogyID'1
Marvelen
Depo-Provera MFA
Nol:plant

Projected needs

20 million cyclesjyear
10 millien cycles/year
40 millien cyclesjyear
40 millien cyclesjyear
10 million cycles/year
20,000 mrlts



Raw material

Noret:hirm:a1e
MestranoljEthynl. estradiol
Ieva'D1:gestrel
~
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Projected reeQ$ (JsgIyrl

400-600
80-100

150
1,500

'!he demm:i for these materials will prci)ably :ilx:rease 5-10 percent
each year.

VARIOOS~ ACI'IVITIES

'!he first seminar on steroid~ for contraceptives was
organized in JUne 1981, urxler the sponsorship of the BI<I<m. '!he
participants included speakers representi.rg various foreign CXIlpltli.es
such as Sc:::he.ri.n;J, organon, Syntex, am Gidecn Ridrt:er, as well as a
n1ll!ber of experts fran the Natialal Institutes of Health (NIH).

several. local participants :rt4;)Orted on their resean:h aimed at
finiin;J suitable precursors, similar to those of diosgenin am
solasodine.

A team fran Boger Agricultural university (IPS), wno ccniucted a
smvey at the possib4ity of dJt:aininl Dioscorea with a high diosgenin
oart:ent, also :rt4;)Orted on their p:rcg:ress at the seminar. SUbsequently,
they :rt4;)Orted a negative result for their survey.

Finally, aJ'X'ther team of :researchers, headfd by Prof. oei Ban
~, :rt4;)Orted on exper.iments on the culture of SOlanum kbasianum. An
analytic method was used to measure the solasodine content. In the
meantime, the results of exper.iments on Solamnn marainatum am COstus
spp. have also been reported.

In the years followin;J the first seminar, :researchers have foalSed
at finiin;J sooroes of sterols in the agricultural wastes prcxinoed in
Ima1esia. For exanple, Illbis am associates have suooessfully
identified am isolated sitosterol fran pressm.xJ (~waste) with
a oart:ent of 0.32-0.83 percent. Further stlxly DIJSt be lJl'X3ert:aken to
detennine the eocaunic value of this :resource.

Aoother possible san:oe of sterol is the oil cirt:ained fran soybean
p:rooessiIq. 'D1is possibility DIJSt be stlxJi.ed in t:enJs of its eoaonic
value, however.

'!he application of biot:.ec:hrx>logical p:rooesses to the transfomation
of sitosterol to AID (amrosta-1,4-diene-3,17-diooe) is a breakt:hrcu:.Jh
that dramatically dlan3es the oawentialal synthesis process am alters
the pattern of the steroid i.n:iust1:y. Because productim of AID fran
diosgenin via the oawentialal method involves many stages, that method
has been abarrlaled. Nevertheless, steroid precursors such as diosgenin
am solaso:li.ne are still useful for the productim of oort!CXlSteroid
usiIq a synthesis process.
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sin::le the 1981 seminar, many foreign exmpanies have been oa'Itacted
to explore ooqlerative efforts ani the transfer of t:.ectloology in the
area of oart:raceptives. SCIDe exmpanies have shown great :inte1'est in
the matter, Wile others have been reluctant or even refused to
participate to maintain their own self-interests.

Kimia Fanna has adqJted a strategy to gain ooqleratiat in producin;l
a steroid oart:raceptive within the stage of foz:ward integration
activities. 'Ibis will be followed by an effort to hanne the backward
integration activities step by step, Wile also gai.ni.n;J the t:.ectloology
ani trained marpJWer needed to manlfactu:re sitosterol, diosgenin, ani
solasodine, for exanple.

'!he first cala1l.atims have shown that the "transfer price" of
products manlfactured locally (that is, in ooqleration with foreign
carpani.es usin;l their t:.ectloological capability ani expertise) is
135-400 percent higher than that of products that can be ba.r;)ht at the
\lOrld market. SUd'l a high price :results fran ecauni.es of scale am
the transfer price of the starti.rg materials or other int:enDediates.
on the alB hard, the transfer price DI.1St be borne by the project in
favor of Irrlalesia receivin;l this t:.ectloology. on the other hard, too
high a price cannot be tolerated. 'Ibis prcblem DI.1St be faced in
participatin;l in a joint venture for a sqirlsticated t:.ectloology. It is
therefore time to look for ways to develop our own t:.ectloology usin;l
d1armels of scientific cooperatiat ani an exdlarge of experierx:le as
well as knowlEDJe.

'Ibis process will take a len; time just to establish, am fran a
blsiness perspective this may mean losin;l good cgx>rtunities. It is
hoped that this workshcp will provide the neoessazy i.npIt as well as
Donentum to DDtivate the developnent of steroid carpamjs in Irrlalesia.



00FACl'ICJi AND BICtmANSRR11\TIQi srmtrTE? OF STEBQIm
AND K>RFHINAN AIJ<AI.QIm FIQoJ INIXJeSIAN BIOlOGICAL RJiW1BCffi

Isdlak Illbis am SUSCD> sacn>
center for Research in Biot:edlrx>logy,

In:b1esian Institute of SCierD!S

Many raw materials am precursors used in the mamfacture of
valuable c1nJ3s are derived fran plants. '!be:inport:aooe of plant
products in the phanDaoeutical imustJ:y has hecm!e even greater sirK=e
the successful mamfacture in the early 19608 of the steroid dl:1.g
diosgenin, a plant steroid then ciJtai.ned fran Dioscorea am later fran
other plants as well.

'!he iranporatioo of biotransfcn:mation by miCI"OOZ'gallism or by
tiSSJJe culture has significantly in=:reased the ecuonic prospects of
exploitirg various plant products to produce useful drugs. An
ilIp)rtant exanple of this treni is the applicatioo of the mic::rci>ial
transfcn:matioo of PJytosterols into amrostene-J, 17-diooe (AD) am
anh'osta-l, 4-diene-J, 17-diooe (AID), ilIp)rtant intennedi.ates in the
mamfacture of <XI1traceptive drugs. Because mic::rci>ial transfcn:mation
is llIJCh DDre efficient than the dlemical synthesis originally applied
in the in:lustrial mamfacture of ocmtraoeptive drugs fran diosgenin,
am the raw materials needed are zel.atively cheap, the mic::rci>ial
transfcn:matioo process is preferred. M.Jdl attention has thus been
given to~ for possible sources of suitable PJytosterols (that
is, stigmasterol am sitosterol) am potential strains of
microorganisDs for the transfcn:matioo.

In a pzoc:ess first introduced by Sdlerin::J NJ, soybean waste after
oil extraction has sezved as an inexpensive source of stigmasterol am
sitosterol, bIt other sources may be available. 'lhus, oil-producin::J
plants as well as a l'I.Jmtv:a..r of agricultural wastes ab.n'mntly available
in In:b1esia 1II1St be examined as possible sources of sterols. It is
also necessazy to select potential mic::rci>ial strains capable of
transfonniJ'g sterols into steroid dl:1.g intennedi.ates, particularly AD
am AID.

other ilIp)rtant drugs of ca1Siderable eoauni.c am therapeutic
value are the DJq:'hinan alkaloids (codeine, JOOrprlne, papaverine),
which are prcxinoed CXIIIDfarCi.ally fran Papaver samiferom. AbJses of
narcotic alkaloids for r....medical pn:poses have, bJwever', made it
neoessazy to pIt. strict cartrols 00 their productioo. It woold thus be
ideal to devise a method for producin::J the alkaloids JOOrprlne am
codeine fran romarootic starti.rg materials.
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As tot:al synthesis is ci:N'iaJsl.y iDpracti.cal. am mcpensive, the
seardl for plant prodads usable as precursors for the synthesis of
codeine am JImlirl.ne has been attEllpt:ed. In this CDu8::tien, studies
en the occurren::2 of retial1ine, an i.socpi.mline alkaloid frecp!ntly
faJRi in Anrglaoeae, am en its dvnical CXI'lYerSial, have been zeparted
by variCAJS investi.gatars. USirxJ namazcotic salutaridin as a key
inteLmediate, rBss-rd»:ns have new established the synthetic patlway
into thebaine. ReoeIrt:l.y, ClJr institute isolated salutaridin :frail an
IIxb1esian plant, lel!ldin) us to explore the possibility of usirxJ this
alkaloid for the pzoduct.i.cn of codeine am JImlirl.ne. '!be main pzd>lem
is transf~ the salutaridin into thebaine, :frail llbi.dl codeine am
JImlirl.ne can then be prcDxm by koown dlemical processes. If this
oculd be adlieved, there would be m need to cultivate Papaver
samUfcym, am the abuses of the opium am its narcotic alkaloid would
be drastically minimi zed.

scientific am F£D1aIli.c JUstificaticn

'!be synthetic pat:mJay of variCAJS steroid d:I:u:1s, irx:l.1.din:J oral
<XI1traoeptives, has been established. o:mmercial. aR>licaticn of this
synthesis has been :i.npraved :frail time to time, especially after the
utilizatien of micrcbial transfcmnatien to produce the major
inteLmedi.ates.

AD am. AID are the primazy inteLmedi.ates for the productien of
<XI1traoeptive dJ:uls. If these inteLmedi.ates can be prOOtlOed
cxmnercially, the subsequent pzooesses to produce the desiLed steroids
will be DIJdl easier. '!bus, the main pzd>lem is the productien of AID
fran a suitable sterol as precursor. Because f3 -sitosterol is ale of
the mat widely distrib.tted }i1ytosteLols, the availability of this
sterol :frail local plants stDlld be detemined, as well as the
occurren::2 of sitosterol in certain agricultural wastes. PrimaLy
attentien has been given to the s.qarcane waste pressnn3, as s.qarcane
productien is an iDpJrtant agricultural irmJsb:y in I:J'xb1esia. '!be
ecauni.c value of s.qarcane will be enhaooed even further if sitosterol
is ootainecl as an aaiitiooal. by-product.

'!be availability of sitosterol :frail s.qarcane waste in this
oamtLy, coupled with the aR>licatien of micrcbial transfcmnatien,
would be an effective awroad1 to startin:J iniustrial productien of
steroid d:I:u:1s, especially oral ocmtraceptives. self-sufficierx::y in the
productien of ocmtraceptive dtu;JS will in tum save fozei.gn exdlan;Je
new used to inpJrt ocmtraceptive~.

Experiments have been carried aIt to isolate sitosterol fran
pressnud ootainecl :frail s.qarcane factories in East Java. Extractien
methods have been CX'JJ'{laL'ed to fird the mat efficient method. A
greater yield of plrlfied sitosterol was cbtained :frail raw material
pzevioosly fezmented (by kipsen in water) to destroy waxes am
prot:.eirnls~. USirxJ this method (see Annex A to this paper),
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620 JIg of sitosterol was ciXai.ned frail 75 9 of dried fet:mented prasSD!]d
(abalt an 0.83 percent yield). Further sbYJies are still needed,
~, to increase the yield. Ialsible steps irx:l.me inprovin:)
fezmentati.a1 of the p% mrYJ ani aR>lyin; a locally avai] able
ext.racti.al solvent suctl as acetale which can also be prodtJOed frail
JOOlasses. It is hq)ed that the productial of sitosterol frail~
waste can be carried aIt inexpensively.

A preli.minaxy stuiy has also been 0CI'ducted al sc:reenJ.rg JIli.c:rci)ia!
strains far the transfOl.1lBtial of sitosterol into AD and AID. As many
as 3,000 st:rairB have been tested, bIt further experimentatial is
necessary to fim the potentially effective m:i.croorgani.s. 'Dds
research will fcx::us al strains ciXai.ned frail a.ll.ture oollectia'JS ar
nabJral. habitats, irx:l.u:iirg Art:t1xWacter, Bacillus, Breyibacteril.Dll,
Q;gynebact:erium, Mvoc;pacteril.Dll, N9rNT1i ll, serratia, ani Sb:eptanyoes.
COllabaratial with other institutes is obviously needed to achieve the
desil:ed results in the shortest possible time.

In adiitial to the selectial of effective organisms, stlnies al
fezmsntatial c:xntitia'JS will be 0CI'ducted far D¥:JSt patenti.al. strains to
ciJtain the cptimal yield of bicx:xrNerSial. A starnard chemical
analysis usin:)~ liquid c:i1raJDtogJ:'a (HPU:) will be
euplayed to Dalitar the p%ooess.

'!he possibility of synthesizin:) m::n:prlnan alkaloids frail the
I'la'JI'larOOti alkaloid salutaridin seEIDS to be within reach of present
chemical ar bioc:bemi.cal krDWleci}e. Synthesis of salutaridin to
thebaine is expected to ClalSist of ally a few steps, thus facilitatin;
imustria! product:.ia1. Isolatial of salutaridin fran a native plant
(usin:) leaves) involved oolum du:aDarograp'lic separatial ani
cryst:alli.zatia1 frail benzene. A yield of 0.28 percent was ciXai.ned
frail the leaves, and as this native tree prodtJOSS ab.Jmant leaves, the
alkaloid ocntent walld be sufficient far possible ocmnercial.
exploitatial. (A detailed report of the isolatial ani charact:erization
of the alkaloid is given in Annex B to this paper.)

sitosterol far steroids

As of fiscal year 1987-1988, plans irx:l.me ocnhJct.in;J sb.dies al
the extractial of sitosterol frail~ waste, its
biotransfOl.1lBtial by microcm:JCUlisms, and fe:tmentatial c:xntitia'JS to
achieve cptimal ocrJVerSial of sitosterol into AD and AID. stD1ies will
also be carried aIt al the sitosterol cart:ent:s of other agria.ll.tural
wastes, especially palm oil residue, ani of other oil-producin:) plants
suctl as ~ia which can be grcMl al poor soils with minimal
maintenance. 'ibe p%ogxam on oaltraoeptive ani steroid d:I:u:1s is
expected to yield sufficient data far initiatial of a semipilot- ar
pilot-scale experiment within two to three years.
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Plant cell am Tissue Q1l.ture far CI:q) IJIpJ:'aY8Dent
am secaDny Metabolites P.roductien

stJx1ies en how to iDprave bath the productivity of fIuit CI'q)S am
products of medicinal value will be 0CI'Ib:::ted by eaployin; plant cell
am tiSSlJe a.ll.ture t:.edmiques. I.DW productivity am pest am di sease
sensitivity are prd>lem affli.ct:.in1' Irr:lalesian agria.ll.tural
COli'Mdities, especial1y fIuit CI'q)S. '!he prd>lem encamtered in
utilizin; plant :resources are the len;Jthy period required far crcp
:iDpravement usin; CCI'IVeIlticnal t:.edmiques am the low productien of
vauable~. It is hq:Jed that the inproved c:pUity of the fIuit
CI'q)S selected far stmy in the 0CIIlin:J fiscal year will increase
productivity substantially.

'lb ad1ieve the :research goals described above, all interested
:research wcr:kers fraD the various :research institutes, mdversities,
am related industries DIJSt join together as an integrated teI!IIIl to
umert:ake these stlxlies. It is expected that this wcrkshq:) will
provide the CJAXlL1:lmity to work a1t the basic mec.tlanism of ccq:matien
SllK:D1 the interested instituticns.
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ANNEX A

SitosteJ:ol frail~ waste

Isc:.hak IJj)is ani SUsa'IO 8aa¥)

center for Resoardl in Biotec::tmol.ogy,
Imalesian Institute of sciEn::2s

sitosterol is ooe of the D¥:JSt widely distr:ib.rt:ed pxytost.erol.s of
the higher plants. FclJrKi D¥:JStly in small quantities, sitosterol ani
otber major PJyt.osterols (stigmasterol ani canp:=sterol) may occur in
certain legume ani latex-produci.rq plants, such as Eln:ilort?ia ani
cal0tr0pis, in relatively greater CXD:leJltratia'JS.

'!he occurren::2 of sitosterol in higher plants recently attracted
attentien when SCherirr;J JtG inttcdJOflld the industrial m!CJ:'Ci)ial
OCIlVerSien of sitosterol into steroid intermediates AD (amrostene-3,
17-diooe) ani AID (amrosta-l, 4-diene-3, 17-diooe) for the manlfacture
of oa'lt:raoepti.ve d:I:u:1s. SOybean waste after oil extraction has served
as a CXI!'II'I9I'Cial SCAJr08 of sitosterol for this process. Beca1:ase
sitosterol 00t:ained frail soybean waste is vezy ineJcpensive, this
PJyt.osterol has becxDe a major precursor for steroid producti.en. In
searc:hiD;J for otber possible oc:mDerCial. sources of sitosterol,
researchers are focusi.rq en certain agricultural wastes, especially the
waste frail s.qarcane kmwn as pressnJd Cblatorg in Imalesian).

Annual biauass product:i.cn in Imalesia anomt:ed. to Dm"O than
19 millien ta1s in 1984. 'lhus, it is abviCAJS that the s.qarcane
iniustzy is prcduci.rq ahmant UlIJSOd pressnJd. If s.qarcane waste
CD'lStitutes 5-10 percent of the total biauass, the UlIJSOd residue wcul.d
amamt to 1-2 millien ta1s anrually. It wcul.d then be useful to
investigate the PJyt.osterol 0CI1tent of IE mrn •

'!his paper :r:eports en the extractien yield of sitosterol frail
pressnn usi.rq the medified method devel.qled by S. K. Srivastava et ale
(1985).

Pressnn with a 70-80 percent water 0CI1tent was ootainecl fran a
s.qarcane fact:ozy in East Java. Extraction was oorrlucted by rinsi.rq
the dried presS"d (with ani wit:hcllt previoos fm:ment:atien t:r:eat:ment)
in water in a scaled battle for five~. '!he t:r:eated sanple was
then dried at 800c ani gram:! into a fine power of whicn 100 9 1III!IS
refluxed with a mixture of benzene, petroleum benzene 40-60, ani

-12-



-13-

ethanol.ic 2N IUf (10:5:1) far U hairs. '!he extract was then distilled
urder J:"BdIlOed PI SSJI'8 and the ocn:leutrated. :residue :refluxed for 30
minJtes in acetadtril (2 X 50 mI.), lIIh.ic:h was decanted while hot.
Att&r stamin;J~, the precipitated. white product was filtend
and prlfied usiD;J hot isqJropanol.

A yield of 0.036 peroBut (100 9 yielded 36 JIg of sitosterol) was
achieved usiD;J dried unfement:sd PI ssmd. Fen&1tati.a'1 of the
PI SFx', ~, resulted. in an 0.83 percent yield (75 9 yielded
620 JIg of sitosterol).

It can be cxn:l.uded frail these results that the SlXJ8roane waste
PI SFx' is a potential saD:'C8 of sitosterol. Moreaver, it was proven
that fement:at.ia1 of PI ssmd :iD%eases the yield of extracticm.
FUrther~ of the extracticm t:ec:bniques used as \ilell as
utilizati.a1 of an inexpndve solvent (such as acet:a1e 00t:ained frail
mol asses), are new recpired.

Srivastava, s. IC., R. A. IC. Srivastava, and S. N. Mathur. 1985.
Biotransfcnmaticm of s.r;Jar cane sterols into anhcst:a-1, 4-diene-3,
17-diale (AID) by Arthrcbacter glcbifgnn1, str. axydane. J. Awl.
Bacterial. 59: 399-402.



ANNEX B

Miu'alfacbn'e of C)'dei ne ani M:n}:t1ine :frail salutaridin,
a New Alkaloid :frail an Irxblesian Plant

Isd1ak IJ.j)is and setijati BasUapLcdja
center far Res 'n:h in Bi.ot.ec.tloology,

Inda1esian Institute of SCiEn:2S

INDUXX:l'ICfi

M:n}:t1ine and oode.ine-the DIljor alkaloids of Papaver
~ quite valuable JEdi",] ly. '!he productiat and
distrib.ltiat of c:pium ani its DmPrlnan alkaloids are umer strict
intematiooal. oart:rols, ~, because ab1se of these alkaloids for
namedical pn:poses can poss a serialS health threat. 'BUs problem has
stiDll]ated att:.eupts to produce IIDJ:Iirlne by means of total ani
semisynthetic processes that use namarootic CICIl'paJI'XIs as a precursor.

Retia.ll.ine, an i.soquintine alkaloid, is widely distril::uted am:n;J
JI¥MIbers of the Annalaoeae family of trcpical plants, whicil are a."'iQ'lly
fourxi in Irxblesia. Biosynthet.ic stldies of the Papaver samiferom
alkaloids have revealed that retia.ll.ine acts as a natural precursor
(Battersby et ale, 1964; Barta1 et ale, 1965; W2dEl ani Rapc:port,
1985). It was also evident :frail nw'Jioactive label.in; that retia.ll.ine
was oa1Verted into salutaridin by a selective oxidative oooplinJ
(paraortho of the A ani C rin;Js) • salutaridin was then oa1Verted into
thebaine :frail whicil crrlpine ani IIDJ:Iirlne can be prodJlOed.

'!he :revel.atiat that retia.ll.ine can be used for the synthesis of
IIDJ:Iirlne has stim.llated stldies at in vitro oxidative oooplin; of
retia.ll.ine usin; various oxidative agents. It has been fourxi, however,
that in vitro CD'MIrSiat of retia.ll.ine into salutaridin is not vezy
efficient, givin; ally a 0.03 percent yield (Hewgill ani Pass, 1985).
It woold be DDre practical to use salutaridin, not retia.ll.ine, as the
potential precursor for the synthesis of crrlpine ani 1IDJ:Iirlne.

'!he oc:x::urrerKJe of salutaridin was first reported in 1985, when it
was fourxi in crot:al M1ut;aris (El.1d'Imbia) grawin;J in Brazilia at
2,000 m alxwe sea level. soxtjes by the center for Resean:h in
Biot.ec:iloology on the alkaloids fourxi in the A1'malaoEDe family in
Inda1esia revealed that salutaridin is fourxi in ate species that is
widely distril::uted in the fonsts in SUDBtra ani Kalimmtan.

'lhis paper briefly describes the isolatiat ani identificatiat of
the alkaloid salutaridin. It is the first repcn.'t of the oc:x::urrerKJe of
salutaridin in Ar1rla1aoeae.

- 14 -
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ISOIATICti AND IIJ!M'IFICATICti OF SAIUrARIDIN

In this exzmdnatia1 of salutaridin, 300 9' of dried pC"llIder of 1....,.
were extracted, usiRJ 2 1 of 95 peroelllt alochol~ 10 pertBat
CD.....luatad mmada. E¥tract:.ia1 was perfm:Il&i at 700c far two
hcurs, an:! the exuca:t was filtend t:hJ:'cuIl filter pI!IPE (this WIllI
npeated three tilBI) • 'lbe alocholic exuca:t WIllI then c:x:IIbinat an:!
ocn:aIb:ated to about 50 ml with a rotary evaparatar. 'lbe xw.ict- was
dissolved in 50 ml R::l. IN, an:! the soluticm WIllI then defatted with
petrolE!lUllH!ther, lII!Ide alkaline (PI - 8.5) with mmada, an:! IIhaJc8n with
d1lm:ofOI1ll (5 x 150 ml). At this point, the c:x:IIbinat d1larofOI1ll
extJ:ca:t was CD.....Ib:ated into a vi SOOJS licJrl.d, lllhicb was IIElpIratecl by
oolUltll dn'aIIatograply at alumiJun, usiRJ benzene an:! benzene-et:her
mixtm:es with ratios of 9:1, 8:2, 7:3, 6:4, and 1:1 subseqJently as
eluents. Benzene-et:her mixtures of 8:2 and 7: 3 gave a siRJ1e spot at
thin-layer dn:CllBtogLcq:hy. 'lbese mixtures were then c:x:IIbinat an:!
CDkSluated, and a fine crystalline needle (meltiRJ po~,
206-20,e>c) was 00t:ained. Specb:a1 analysis (IR, H NMR, C ~)
an:! DBSS spectmscqJy n!V8al.ed that the alkaloid was salutaridin,
C, all?1t«>4 •
.- X Yield of 0.28 percent was adrl.eved in this stuiy-that is, 300 9'

of leaves yielded 850 Dg of salutaridin.

'!he d:i.socMazy of salutaridin in~ plants in IrD:ln8IIia 'flaY
provide the q:prbmity to produce DDJ:Prlne and codeine without haviRJ
to grew Papaver samiferom, the CCIIIDBJ:'Cial saJrOe grown legally in
certain oc:A.D'1tries. '!be role of salutaridin as a biosynthetic
:intermediate closer to thebaine than retialline ..shcW.d be explored to
deteJ:mine the possibility of usiRJ salutaridin as an artificial
precursor. If it is fcmd that aalutaridin is ocnvertibl.e to t:hebaine,
then codeine, and subaequent:ly DDJ:Prlne, can be ootainecl by koown
dlemical synthesis. '!his walld sm:ve as a~ far the
pw:maoeutical i.n:hJst%y and it walld minimize drastically the ab.18.8 of
opium.

Bartal, D. H. R., et ale 1965. J. 01em. SOC. 2423.
Battersby, A. R., et ale 1964. J. 01em. SOC. 3600.
Hewgill, F. R., and M. C. Pass. 1985. Aust. J. 01em. 38:497.
wadde1 , T. G., and H. Rapoport. 1985. H1ytochem. 24:469.
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Potential. Majar 8aJroes of R1ytosterols

'!be followinj majar pat:ential sources of mixed PJytosterols are
available in Inda1esia. Not all of these sources will be practical,
bIt all are available in sufficient cpmtities to be oa1Siderecl far use
em an iJDJst:rial. scale.

source

~
Palm oil
Peanrt:s
0J0cn.Jt
Rice
Q:Jtta1

ceiba SR>.
Ricinus SR>.
Ie!gena
SOybean
Pims (pine)

Bv=moduct

PressmJd

oil, keznel., presscake, fiber
oil, pzesscake
Oil, pzesscake, fiber
PJ:esscake, rice bran oil
seed, pzesscake, oil
seed, presscake, oil
PJ:esscake, oil
seeds
Oil, presscake
Tall oil

Of these sources, palm oil and~ will moeive the highest
priority. In the case of the palm oil, majar estates already exist am
will be expamed. In adiitiem, DDre are planned in the near future.
It is mcpected that within five years :Irr:lalesia will be a majar
prodJrer of palm oil.

In the case of s.qarc:::ane, 19 milliem tals of biauass are prodl1oed
anrualiy. '!be pz mrJd fracti.em, which is koown to 0CI1tai.n sterols am
is cm1ently di.scarded, represents 5-10 percent of the bianass
prodJlCBd, ar 1-2 milliem tals anrually.
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Analysis

Analytical Methods

NalsapalifiMle Fractials. '!he majar c:x:upaJOOs of interest in the
projected stLrlles will be foom in the IlC.IlSapalifiable fractien of the
various plant DIlterial.s ar oils. '!he initial material will be dXained
therefore after evaporatien of a solvent (diethyl ether, ~leum
ether, ar methylene dllaride) at a low tenperature (3SoC-4SoC)
umer vaODDD. '!he residual material will be treated with methanolic
Iai (ar NaCII) usirxJ a stamard procedure, refluxirg for a specific
time. After CXX)lin:], the methanolic solution can be diluted with water
am extracted with diethyl ether, petroleum ether, or methylene
dlloride. '!he extract can be dried by shakin.J with anh}'dra.1s sodium
sulIilate and then partially o:x~Itrated, diluted to a specific volume,
and stored umer refrigeration in the dark. Precautien DIJSt be taken
to prevent leakage of vapors am a possible fire hazard. Glass,
plastic, ar roI::iJer st:Gg)ers stDlld be used.

'!he IlC.IlSapalifiable fraction is analyzed as follCMS. An aliquot of
the IlC.IlSapalifiable fractien is cauart:rated to cb:yness umer nitrogen
usirxJ a suitable vial (plastic ItIJSt be avoided), de.rivatized with a
reagent, and the vial is tightly sealed. It is then wazmed acc:xmii1q
to stamard proow'nres far trimethyl silylatien of sterols. An
~q>riate aliquot is analyzed usin:] stamard pnxw'nres and an
internal. stamard-far exanple, dlolesterol. Fran the~ of an
aliquot of the original extract am that of an aliquot of the
IlC.IlSapalifiable fractien, ale can cala.ll.ate the percentage of
IlC.IlSapalifiable fractien in the plant or oil or the percentage of
sterol in the IlC.IlSapalifiable fraction.

Altematively, an aliquot of the rasaponifiable fractien can be
analyzed by~ liquid dlraDatcgxcqby (HPIC) usin:] the same
internal. stamard (dlolesterol) described above far the gas
dlraDatogzcq:hy (GC) procednres. AR>rq>riate normal ar reverse IDase
oolUllllS can be utilized.

'1'ocqilerol can be cpmtitatively detemined oolorimetrically by
HPIC or gas liquid dlraDatcg:uqily (GIC) as 'IH; ether.

carotene can be detemined in an aliquot of the rasaponifiable
fractien (Wall method) by oolum dlraDatograply am, after
OOI~lt:roati..rq to a CXJIlVetlient volume, it can be detemined
oolarimetrically at 450 nanaoeters.

IsolatiCll am PurificatiCll of Fbytosterols fran yariglS Plant
5gJrces. '!he OOjective of a sb.dy en the isolatien am p.lrification of
PJytosterols frail variCAJS plant SOUZ'OeS lIlalld be preparatien of a
plrlfied PJytosterol fractien ocntai.ni.n} at least 80 percent sterol,
pzetbinantly sitosterol. '!he scale stDlld eventually be sufficiently
large (that is, usirxJ at least 3.2 1 of oil or 1 kg of seeds) so that
sane realistic projecticns of yields can be made.
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'1be followi.rJ) procedJJl'eS shoold be established far a crude sterol:

o Pngratial of CIUie ert;ernl fract!al frgn the free sterols in
2.U. '!be CD'ljUJate sterols also extracted fraD plant
materials will yield aoother fractial of crude sterol. In
this case, procedJJl'eS lIlal1d siDply be scaled up fraD the
analytical methods described in thepz~ secti.a1s.

o Tinge scale col\Dlll rntmatocn:aRw of the l'la'lSaIXIlifiable
fractial. SUitable large absmpt:i.a1 col\DlllS usi.rg either
flarisU ar alumina ar sUica gel can be stLdied. Various
c:tlrc:IDat:.ogc fractia'JS shoold be collected, usi.rg solvent
of irx:reasi.rg polarity. All fractia'JS shoold be analyzed far
sterols and ather potentially useful oi'la'lellts as described
in the pzeoed~ sectia'JS al analytical methods. Alt:hcu:]h
this JDEIt'bxl 7laY not be industrially practical, the infamation
00t:ained will be valuable.

o stprt path d1 f'ti )latial. sterol and toc::qilerol fractiaB fran
the l'D'lSaPCX'lifiable fractial can be readily separated fraD
lipids and higher lOOlecular lIIeight. '!be OOI)0E9!lrated steroid
fractial 00tained can then be cryst:al.lized.

o SOYbean slWge method. Detailed procedJJl'eS far the treatment
of soybean oil have been p.1bJ.ished. '!be method ircl.mes a
deoc:brizatial treatment followed by steam distUlatiat. lbm
it is carried out on a large scale, an invaluable
s1~ called soybean "foots"-is produced and
collected. '!be s1\d;Je is further treated usi.rg exi.stirxJ
methods.

Effects of I.oc:atial, SMS('I'l, and Variety al Ibytost:erol eart:ent

It is wll koown that both the yield and the OJ'lositiat of seeds
and their oorrespcni.inJ oils are affected by many factors. 'lbese
ircl.lde geograprl.c location (seashore, muntains, etc.), altitude,
soU, fertility c:xntitims, climatic ocnlitims (rainfall,
tsrperature), and seaS('l'l.

seeds, oU, and pzesscake sha.Jld be collected duri.rg the
agnq>1'iate time periods. Where possible, data on climatological
factors, soU, and ather ocnlitia'JS sha.Jld be collected as wll.

P1opa:;ed P10gram

CD! of the key features of Irxblesia I S stIag pzogram of family
pl.anni.rg is the decision to produce steroid <XI1traoeptives fraD
Irda'lesian plant resaD:'OeS. Presently, a reasenmly S'J'X"eSstul procp:am
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is umer way for the productial of solasadine :frail Solarun. SOlasadine
can be cxrwerted to AID (armost:a-l, 4-diene-3, 17-d:iale) by llle1l-koown
chemical methods. In the united states am western !mq)e, methods are
available for oc.nvert.i.r¥J sitosterols to AID in ale step em an
i.rrlustri.al. scale.

Inda1esia has a large nJ!!!ber of plant san:oes, partia1l.arly palm
oU and~ (presend), :frail whicn large aDDmt:s of sitosterols
can be ext:racted. Detailed infcmDatiem em the sitosterol 0CI1tent:s of
these and otber oils available in Imalesia and methods for large scale
isolatiem are needed. A decisiem can then be JII!Ide em t41ethe:r
sufficient sitosterol :frail Imalesian sources exists for oawersiem to
AID usin} a fermentatiem PJ:'()(~dJn=e.

'!be Ministzy of state for Research am Technology shaJld act as
exx>rdinatin) agel 'C'.i for this prog:tam.

Plan of Actiem

'!be rescm:oes listed in first sectiem above sha1ld be analyzed for
sterol cxntent aooordinq to the pz« ipOSed established stan:Jard
prooodJxres •

'!be followirg institutials sha1ld participate in this pzogram:
Ban:iurg Institute of Technology, university of Padjadjaran, Bogar
lqricu1tural university, Air~ university, Gadjah Mada university,
Biot:.ec:ilmlogy Research Q!I1ter (Imalesian Institute of SCiEn:2S),
JIqerCy for the 1\ssesS"'P"lt ani Awlicatiem of Technology (BPP
'1'ekoologi), and Kimia FanDa.

Eacn institutiem shaJld be represented on a exx>rdinatin) board
whicn will be zespa1Sible for :research plannin;J and allocatin) fun:li.n:J
ani facUities (equipDPllt) to the participa1:i.n3 institutialS.

At the initial stage of the pzogram an inventory shaJld be JII!Ide of
the cnpin} :research, availabUity of equipDent, ani :research
capabUity in tenDs of trained persamel..

Research activities shaJld in::lude clear targets within a five-year
period. '!be first three years lllalld be devoted to analysis and
laboratory-scale isolatiem ani the last two years to scalirx) up
experiments on extractiem ani CD'1Y8rSion.

A periodic evaluatiem of the averall. prog:tess shaJld be ocnlJcted
at the en:i of the fiscal year, at whicn time eadl. institutiem shoold
sul:Jnit an anmal report.

SUfficient f'un3s shaJld be allocated the first year to make
available at least ale gas d1raDatograpt, ale HPIC, am ale short-path
stUl for all participatin) institutialS, as \ilell as the general
laboratory glassware ani chemicals needed for the tasks described here.

It is expected that u.s. institutialS actively ergaged in steroid
:research ani deYel.q.ment sudl as the Research Triargle Institute (R1'I)
will provide short-tem t.rai.ninJ for the Imalesian scientists
participatin) in this pzoject.
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~CM OF STJ!R)ID CXJlIPalN[J; BY PIANl' CEIL AND TISSUE ammRE

R&D ani Productia'l

AsS'JlDiRj that IJDmesian saJrOeS of solasodine ani clioegen.in fran
plants are CUip!titive a'l the world market, it 8£P'i'rs that the best
plant saJrOeS are: (1) 691mp SIP. (SOlamm kbasinaum arxl SOlarun
.rgiryrt;Jpp), ani (2) c»stus ar Dioocolea. OMpmltive ap:aunic arxl
critical analytical data sha.1l.d be develqm to select the SOlmJID
species to be grown in Irxblesia ani its DIJSt suitable geocp:apuc
locatia'1.

Plant oel.l ani ti SSIJe al1ture syst.euB can be used far the
~opagat.iatani i:aprcM:ment of field-al1tivated plants. Cbllectia'l
problE!IIB (thm:ny leaves) ani plant di sease JI'IJ.Y be associated with
SOlarun species. Plant tiSSlJe al1ture is useful far micrqnqJagat.m;r a
SOlarun clale of a plant selected fran the field that oa1tai.ns, for
exmrple, a desired 1IIOl}tlo1ogy, solasodine oart:ent, or di sease
resistance. Plant cell ani ti SSIJe al1ture syst.euB can also be used
directly in the labaratmy to select iDproYed SOlarun plants with the
desired JIIJII.'bology, solascxtine oa1tent, di sease resi.st:arxJe, arxl stress
tolerance.

A SOlarun ti SSIJe al1ture syst. subjected to sulstrate, mtritial,
growth regulator, arxl stz S snJdies JI'IJ.Y be used to l.II'D!rstani
solasodine product:i.a1 ar iDpartant steroid biot:ransfm:matia'l procesSES.

Plant cell arxl ti SSIJe al1ture syst.euB will also be useful far
develcpiRJ a cost-effective metl¥xl for in vitro productia'l of
steroids. PreSEntly, the product:i.a1 of steroids usiRJ plant cell arxl
tiSfPlf! al1ture is net cost-effective.

Finally, iDproYed ooardinatia'l ani CXlllllmicatia'l are needed am::n;J
participants in the research arxl develq:m::nt of a steroid productia'l
progIam.

~ Devel.opteIlt

critical steroid analysis is neeOOd. carpetent persa111el far
GC/HPIC are I'XJW' avai 1able in Inblesia, bIt there is a critical
shartage of instruments, de!permble electrical power, arxl SlJR)1ies
lIlhich shoold be ocn:zected as SOa'l as possible.

'!be minimJm ru::l.eus of persa111el needed for plant cell arxl ti SSIJe
al1ture biatectmology is presesltly available in Inblesia. Miitia'lal
pezsaaJe1 are needed for all aspects of work in plant cell arxl ti SSIJe
al1ture biatectmology, inclmin;l plant i:aprcM:ment, suspensia'l al1t:ure
ani scale-up, biotransfm:matial, ani germ plasm oalSeLVatia'l.
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U.S. - Inda1esia 0JqJeratia'l

Q:qJetative pl:ogJ:aDS 0Cll1d be established a'l crop iJIpr:awm&1t arxl
OCI1SE!.1:'Yatia'l with the universities of COlorado, Florida, Tad as es,
Minnesota, ani W.i.soa1sin, arxl the U.S. Department of Agriculture, ani
a'l suspensia'l allture, scale-up, arxl biatransfcmDatia'l with Qnnell
university, university of TelD esee, state university of New yorlt, ani
university of Minnesota.

:IrIb1esian gcYenDBI'1t arxl U.S. turDs DUSt be aoquirecl to SlJRlOIt
labaratmy traini.rq arxl to dJtain SlJR)1ies, etc. Persa1nel. sent abroad
sha11d moei.ve SURXJrt to visit U.S. laboratories ani to atteni U.S.
natimal meet:i.r9I.

'!his gra.Jp first identified several classes of steroid olllGJl'lds
such as OCIlt:raoepti.ves, corticosteroids, anabolic agents, diw:etics,
arxl armogens, that DUSt be prrrlnari ckmestica1ly. '!he gra.Jp felt that
pricrity shoold be given to c:art:raoeptives, corticosteroids, arxl
anhogens, bIt Itt necessarily in this order.

'!he gra.Jp also dj samBed the various pathways in the PI'Oducti.a1 of
the three classes of steroid OIJIGJOOs, arxl detennined the JDaJ'P'WlBr,
equipDent, arxl anmal c:pnatimal tui:]et nE'e&d to cany out the
progzam. An agreauent was also reached at sane aspects of where the
progJ:aDS shoold be illplemented.

Pso iii'erdatialS

It is reo liiieeded that efforts be made to produce the follc:JWi.nJ'
steroid cc 1'10Jl'ds as quickly as possible:

a Qrltraoeptives: ethynylestradiol, mestraool, norethinira1e,
norethinira1e enanthate, levaDrgestrel, mech:axypl:ogesterale
acetate, arxl de.sogest.rel.

a corticosteroids: predn:isate am prednisolooe, oortisooe arxl
hydrocortisooe, am dexamethazooe

a An1zogezs: testost:erale arxl testosterale-like a lilOJl'ds.

'!he productiat of these steroid ol'IOJl'ds shoold be carried out
aocordi.rg to the follc:JWi.nJ' pathways:

a Total synthesis for lE!YaX)I'gestrel (Figure 1) arxl de.sogest.rel.
(Figure 2).

a Partial synthesis fran sitosterol to norethinira1e am the
estrogens (Figure 3).

a Partial synthesis fran steroid sapoge1Uns to
mech:axypl:ogesterale acetate, corticosteroids, am anlrogms
(Figure 4).
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FIQlRE 2 Synthesis of dem~J8StLel :fran Ir13B-ethy1-3-methaxyga1a-l,3,5
(lO)-trien-17tr-ol, a precursor of Ir(-)norgestrel.



N.....,

MestrAnol

Ethynyl EstrAdiol

UIJO

1I/tllt]

li ......

liC Il Cit ItO

[
HlIZ
INIZo

• CH2wt~~LH"'~' """i( ''''th,1

' I~ ."'_~ I (Ii 0""

-- .. ~ J III1
Z
JlIC • c'6H

HO ...~. [1II1,.J --C<CHII) (
CH

l)Z
S0

4 x;n
Z) HI811" OH

~, F'" I
..J~(H)O

b)

(H)O

o

COli

OIl'

~

Microbes
- ArthrobActer simplex
- Hycoblcter phlel

ADD

o

Sterols

crO]' Z CSItSH or

~s ryj
(O~
\,;0'

o

{~
1) CH • ClI. CNHZ

NHZ
2) H+

o

OH
•

--(:. (H

.lxed Anhydride procedure
lIorethlndrone EnAnthlte

(CF]CO)ZO. CH](CHZ)SCOOII. toluene

Norethindrone

FIGURE 3 Partial synthesis of 19-nor steroids am the estrogens fran
sterols.

~



- 28 -

[ DIosgenIn Gr Sol.sod'ne

I

o

o

a

o

OHA

1
1) NaBH4 2) Hydrolysis
3) Oppenauer oxidation

DH

Testosterone
o

Prednisone

CortIsone

o

o

Prfinisolone

Hydrocortisone
(CortIsol)

lll,crob'll

HO

o

AcO

o

16-DPA

1) H2/Pd-!lJSO~ j
1 atm.9'1 lIin

2) Hydrolysis

3) Oppenauer
oxidation

Progesterone

1';'"';'''';:''';'''

HO_~ ti-OH

l1Q-{)H 17Q--OII\

Ichl!!lli(;al CH2CH HPAL -
HO C~H
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To initiate the pnxp:am, sit.ostc'ol am qJtically active t:rienol.
sha1l.d be:iDpJrted: 16-mlA ocul.d be prrdxwl daDestiOll1Jy. '!he
m:i.croarganisI needed to cany out the JDic::rci>ial CXI'lVm"Sia1S ex:w.d be
ci:Jt:ained frail established stock aUture collectia1s abroad.

'!be followiD) pm.W2I81 will be Il8eCWd to cany out the three
pathways: Ib.D. degr_ helders, 3: M.S. degr_ helders, 3:
tectmicians, 9 (3 X 3): am administrative peDLil81, 2.

Table 1 lists the fMJdpnent needed for the p:rogxmn described
here. An invesbisut cost of m$l millial is anticipated. '!he anmal
~ for operaticn, :iJx:luiirg otI'lSUlIIables arxl fMJdpnent mai.nt.ename,
wculd be m$500,ooo.

TABU: 1 List of »Jdpnent Needed

RDtazy wolin evaparatar set (1 liter) 4
RDtazy wolin evaparatar set (10-20 liters) 1
Freeze dJ:yer 1
BaDple dJ:yer, WOPDD arxl heater 1
BaDple dJ:yer, vaalDD, dessicatar 1
AutaDatic water distiller am demineral.izer 1
oven dJ:yer 1
oven dJ:yer am irx::ubator 1
Freezer am refrigerator for sanples 1
Freezer dryer-lypqirllizer 1
a.Jmer for glass blowin) 1
Air CXiipLessor for glass blowin) 1
Fracticn collector 5
SElDipr:eparative fracti.a1 collector 1
Fume o1['board set 1
'1'q) lcm:in:) bal.an:Je 1
Analytical bal.an:Je 1
SOlvent distiller set 1
SCDchl.et ~tus 5
water bath 5
'1beJ:DDlyne heati.rx] mantles, sizes 50, 100, 200, 1,000 ml 4
'VaoDDD pmp 2
Micro melti.rx] point ~tus ('lhcmas-lbJver capillary melti.rx]

point ~tus model s 6406K arxl 64068) 1
Autoclave 1
Magnetic stirrer am heater 2
Mia:oeocpe 2
Mia:oeocpe, polarized 1
:mr pellet DIIker am presser 1
Aspirator, DDtorized 5
water aspirator set 10
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COOl Ace e:xxu.er
stirrer barB, .my sizes
COlUlll'1 (glass), largB, D!ldilD, ani ImIl1l. sizes
separatmy tumel, .my sizes
Pressure ecpl1izin;J tumel, variaJs sizes
Heavy ci.Ity m:iJcBr ani blemer
water purifier for ultra PJr8
IlnJbator/shaJcBr
PI meter
COOl roan storage
Gas dlraIBtogJ:apt (GC) + aces sClries (Flame Iadzatial

Det:ector, '1berml ODb::tivity Det:ector,
Ela::l:LUl~ Det:ector)

Gas tuber for N2, ~, He, Ar, and Marn:::IDBtsr 4
Air pmp, aut.c:Iaitic: far GC
~ for GC re:xn:der ani plocessor
Hi.gh-perfOI1llll'D! li.cJrld cmauatoguqit (HPIC), gradient,
cooler, ani heater

Misoell.aneoos ool\D1B far HPIC
HPIC oolUlll'1 packer and oolUlll'1 SUI:P ills
Ehpty oolUlll'1 for Gte
'Ihin-l.ayer dlraIBtogJ:8PlY pacJa!Ige
CblUlll'1 dlraIBtogJ:cqily package
Icn-exdlarr:je dlraIBtogJ:cqily package
Ehpty glass oolUlll'1 for Gte
Infrared specl:LaDBter
AutaDatic polarimeter
HPIC scarmer
UV-Vis spect:rc:plotaD
Persala1 0CIIplter and printer
Tape recorder
camera and accessories
Glass vessel ani ~tus
~ 100 IIfz specl:LaDBter with 13c ani 1a
Drei.din:.J st.ererm dels (Rm:lo I1'BtJ:uaB1ts Cb.)

It§tnfl listed in the 1986=1987 Aldrict1 cam'00:
Adapters (Al. 1584-1588)
Pyrex gas washirxI battle (Al. 1606)
Gas oc:menser battle (Al. 1606)
oandensers (Al. 1634-1636)
nesicx:ators (Al. 1639-1640)
1kyin;J units (Al. 1641-1642)
Distillatiat equipDent (Al. 1645-1649)
Aldrich All-i.n-ale Gl asmrare kits (p. 1649)
Filter funnels (Al. 1653-1656)
Variable speed DDtor
Variable transfomer
Ext:ractiat 1:h.i.Dbles (p. 1663)

2
20
20

1
1
1
1
1

188t

1
1

1

10
10

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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~ thermolysis (po 1664)
Dewar fl.as1cB (po 1674)
FlOli meters (po 1676)
FlOli indicatars (po 1677)
Gas aooesearies (R>o 1683-1686)
GaJ;ges (po 1687)
niazald Kit for the safe~a'l of di.azaDet:hane

(po 1716)
onniJ'q organic a..d.stzy GlaIBlIm:8 kits (po 1720)
Mict<B:ale organic labaratary glap-1Im:8 (po 1721)
I1Jbri.cant:s for stirrer
~ smIple tubes (po 1728)
tNt tube cleaner (po 1729)
PI papers
IbJtoc:bemical ec;pdpnent (po 1734)
Eye protectors (po 1747)
Protective clothin;r (po 1748)
stirrer blades, Tefla'l (po 1758)
stirrer bearir9I ani shafts (R>o 1758-1759)
~ (R>o 1760-1761)
&mlimatia'l ec;pdpnent (po 1763)
C!1lmps
I.attioe ERJA)Ort syst:8IB (R> 1764-1768)
Lab jacJcB (po 1770)
'lbennneter with grcJlIRi joints (R>o 1782-1783)
Vol\lilE!lb:ic wam, cyl.imers (R>o 1806-1812)
Parr hydlogenatia'l~ (bath 10li ani high pressure)
'lhernnneter
8nap-a1 all~ lab tool set, 95 pieces (Z14,864-4)

1 set
10

3
10
10
10

2
1
1 set

10 jars
5

1 set

20
20
100

1
50
10
25
10

100
2

10
1 set









status of Raw Materials for the Productia'l
of oral CD1traoeptives in Inda1esia

!blme E. wall
Cbemi.stxy am Life SCiero3s Divisia'l GJ:aJp,

Resm,rcb Triargle Institute

'!his paper describes the curxent worldwide status of a variety of
steroid sooroes for the productia'l of steroid lxn:Da1eS, am it relates
this infonnatia'l to the status of any sources of steroids that may be
avai 1able in Irda1esia oow or in the future.

Al:nlt 35 years ago the U.S. Department of Agria.1l.ture (USDA), with
special ocnp:essiala1 furxlin:;J, initiated a p:rogxdIn that was sauerwtlat
similar to that oow umer way in Inda1esia. '!he united states wished
to establish sooroes of steroids for the productia'l, initially, of
cxn:ti.sale, am later of cart:raoeptive steroids, i.rdeperxient of foreign
san'CeS. '!his author was in c::barge of the dlemi.ca1 studies am worked
closely with botanists am agrcmanists in the USDA Plant Introduction
GraJp. over 6,000 plants weJ:e investigated. sane of this experiera!,
inclmin;J sane of the mistakes, may be usef'ul. even at this time, sane
35 years later. 'lhJs, DIJCh of the foliarin]' is based a'l the experiera!
gained in the USDA ptogJ:am.

RAW MATERIALS

steroid Bapogenins

'lhese olilOJl'ds are a1D¥Jst always fcmxl in nature in the fonn of
steroid ocmjUJates in which the steroid (usually at the 3-hydraxyl
IXSition) is linked to a nDDber of~ DDlecules. '!he free sapogenin
is usually liberated by acidic hydrolysis (Wall et al., 1952), bIt
plant or fUrga1 enzymes can also carry aIt the hydrolysis (Krider am
Wall, 1952; Krider et al., 1954). Imeed, this is often the way
hecogenin is 00tained fran sisal juice.

'!he structure of sapogenins am the plants fran which they are
derived are shown in Figures 1-3 am Table 1. HeCXlgeni.n am diosgenin
are the a1ly steroid sapogenins in cxmoorcial production at this time.

In an extensive survey, hecogenin was fcmxl in many~ species
growirg in arid regioos of oorthern Mexico am the sa.rt:hwesten1 united
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Typical Structure of Steroidal Sapogenins

H

I, R = CH3, R' = H, Sarsasapogenin

II, R c H, R' = CH3, Smilagenin

R'

Hecogenin

states (Arizooa am New Mexico). Heoogenin was usually the prerlminant
sapogenin, at times mixed with its 12~ analogue tigog:enin.
~ siMlana, a plant with thick, lag (3-4 feet) leaves grown

for fiber, c:xmtains various ocmoentratia1S of heoogenin. In cur
experieooe the sapogenin oc:I'1t:ent was USIwl ly lC1fl, 0.1-0.2 percent MFa
(DDisture-free basis). nJrin;J fiber productia'l, however, a lu3e volume
of juices am wash liquids are obtained. In a large sisal ~tian
observed by this author many years ago in Haiti, such liquids were held
in lu3e tanks, ani an insoluble slu:ge cant:ainin;J heoogenin cnl1d be
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Dio·aeaia

..

'.eudodio.aeaia Acetate

CII]

I
c-o

16-Dehydropreaneaoloae
Acetate

FIQlRE 2 Degradatial of diosgenin via pse¥kxli.osgenin acetate to
l~cpregneoolaleacetate.

Order
Liliale.

I
Family

;......----L--o-I--I
Liliaceae ~ryl1idaceae Dioscoreae

GeJus GeJus GeJus

A I' h A I Dolgapant us save loscorea
Chlorogalum Manfreda
Nolina
Smiax
Yucca
Trillium

FIQlRE 3 Botanical relatialShips of sapogenaoeoos plants.
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'mBIE 1 steroid Sapogenins and Plant SCA.1rces

All a--. TJIlicU
N.- F..... .t C2S Substi_ Plant Sauree

SanasaPDIenin 1 DIIID ~.QH Y.llaa:ata
SlIliIoKenin 1 iIo ~.QH A. \echqIWIa
t.larkoEmin 1 neD ~.31-(OHb Y. ldlidiJaa
Samallmin ~ iIo ~.3S-(OHh Y.-
Willagenin 1 neD ~H.12CO Y.ilifw
MnCIllmin 1 iIa ~. 3S-(OHI:. 12 CO Y.dIattii
!\;eatiElIJenin II neD ~.QH A..1isalana
Ti(lot:min II iIa 3,S.QH Y. peninsubris
CitDEenin II lao !cr. 3S-(OH): A.achactii
Sisalagmin II neD ~.QH.12CO A.. .........
H«'Ogmin II lao ~.QH.12CO A..1isaIana
t.lanO£enin II ... Ja. 3S-(OHI:. 12 CO A..nebaDii.h..·.H«'Ogenin II iIa 3,8.QH•.1'''". 12 CO A....a-Il
QIaroEeniD II iIo ~.IIo-·OHP . Cldaraplum

DiC'togenin
JIlIIIIeridi.un

II !lID Ja.~HOHP Dicit1lis
purpura

Yamogenin •• DeO ~.(JH D. bu1lettIl
Diosgenin •• •lao 3,S.QH D. CIlIIIpasita
yucca.... ~ iIa .... ~-(OHIa Y.m-_
~ ~ iIa Ja. ~-(OH)z. 11 CO Y.I" -CcDtnIpniII ~ iIa 3J-(OHI. 12 CO D........
CaneIIopUa ~ - ¥-(OHI.12CO D.........

obtained fran the enzymtic hydrolysis of water-soluble saparlns to
insoluble sapogen:ins. '!he solids were l.'eCOVerEld by oent.rif\J;Jatim.

only ooe cnrpany, Glaxo in Err:.JIand, utilizes heoogenin, \tbidl is
obtained as a by-product of sisal fiber productim in East Africa. '!he
sapogenin is oawerted to a oortisa1e analogue in a oarplex, DUltistep
synthesis.

Hecogenin is oot useful for the productim of oa'1traoeptives,
hoINever, and cxmnercial sisal productim in Ima'lesia is limited.

8arsaspogeJrln and smilagenin

8arsaspogeJrln is fo.mi in many~ species, \tbidl grai in the
same generally arid habitats of mrt:hem Mexico and the sa.rt:hwestem
United states (a}m:)st identical smilagenin is fo.mi in Maye
lechegni lla in Texas). At ooe time the Imi.ans native to these areas
used the plants for detergents and for fiber.

Alt:hc:uJh the sapogenin ocntent of the varia.1S yucx:a leaves is oot
high, rarely eJroeedin) 1.0 percent MFa, this author fo.mi very high
c:xmoentratia'\S of saponin in the seeds-fran 6 to 12 percent (Table
2) • 'lhi.s is indeed a reasooable startiR) point for steroid hon1ale
productim, if sufficient plant volume is available.

sarsasapogenin was readily extracted in sizable quantities and
oawerted to 16-dehydr0-5 -pregnenolooe (Table 3). Alt:hc:uJh the
process was a tedmi.cal suooess, a profitable price for the sapogenin
or its 16-dehydro-degradtim product oa.tld oot be obtained fran
}ilannaoeutical cnrpanies. similar1~ steroids fran smilagenin
fo.mi in Maye led1equi.lla also tumed out to be oot viable
eoaonically. '!he lessen to be leamed is that st:art.in;J materials such
as sapogen:ins, or i.nteJ:medi.ates such as the1~,
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Species IDcatim sapogenin, %MFa

~ arizonica scuthern Arizala sarsasapogenin, 12.0

~ baocata SUperior, Arizooa sarsasapogenin, 6.8

~ brevifolia st. George, utah Tigogen:in, 8.0

Yucxca JIriliMmIis san Diego, calif. sarsasapogenin, 6.6

~ schotii Fort Illactmca, Ariz. sarsasapogenin, 4.9

~ Sf.P. scuthern Arizooa sarsasapogenin, 4.5

~ Sf.P. 8alora, Mexico Barsasapogenin, 6.2

~ Sf.P. Chihuahua, Mexico sarsasapogenin, 7.9

TABlE 3 Key Features and Plmlt sources of sapogenins trail ltIlich
160 is Derived

Key Featm'es Plant souroes

Disogenin, 11 5 Diosoorea~
ymoogeJUn stadlya, CMlp;sitae

flori1::qJ;)a

Gentroqenin, 11 5 12-keto .D. spiculiflora,
oorrel1ogenin

Hecogenin 50., 12-keto Many~,

A. sisa1ana

smilagenein 56 A. 1echegui11a

sarsasapogenin 56 Many~,

I. sdlidigera

Ti.gcgenin 50. Many~, sane
~, I. penin-
sularis

Wi11agenin 56, 12-keto ~ fi1i f era
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cal'1l'XJt mmal.ly be sold at profitable prices. It is neoessazy to
p:r:oceed to producti.cn of the final useful steroid hcmIala1 dnJ:]s.

Diosgenin am solasodine

'!he pia:ee:rinJ efforts of RlJSae]] Marker a.1Ioost 50 years ago
resulted in diosgenin revolutiarlzirq the steroid hcn'Do1e :iIxlustl:y.
Diosgenin, \tbidl is fam 'NOrldw1de in:::lu:iirg Irr3a1esia, occurs as a
saparln, dioscin, in the tubers or the rl1izanes of many Diosoorea
species. In Mexioo, tubers growirq wild am of uncertain age have been
fam to oa1t:ain 5-8 percent diosgenin (MFB). '!he diosgenin 0CI1tent of
:In:blesian Diosoorea is usna] ly DUCh lower. '!he rl1izanes of vari.oos
species of 0Jstus, 'Mhidl grai lrt'e11 in Irr3a1esia, have been fam to
oa1t:ain fran 1 to 3 percent diosgenin.

Fran whatever soorce,~ has great versatility. 'DuJs
progeste.rale, am the1'e!:7.i certain orally active progeste.rale analogues
sud1 as Pravera, can be derived trail the readily ciJtainecl
16-dehy<hcptegneoolooe (Figure 4). AlteI:native1y, the lrt'e11-&!vel.cp!d

PregnenoloM
Pro&es~.ro_

CorUcoi..

\

•

ColllJlound 5

16,17o-tpoxide

!

17.-oe Derlvaclv••

Escrad101

l
19-Nor Compounds

l~

Q1) Q1)

I I
e-NOH c-o

6 4 6
16D-Oxae 16-DehydropregDenolone

1 1

0 CH3
I

6AncIro.cenolone

~

FIGURE 4 structure of progeste.rale.
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mic::rci:)ioloqical 1J}'draxylatim of progest:.era1e leads to oortisale am
many ather useful oortiooste1:oid~. In still anXher directim,
1~lalB,by a straightfm:ward dlemical ralte, can be
ocrM!I:t1:ed to the useful C-19 steroid hozmcne precursor
dehydro.isoarmcste:ra1 (IJIA). IJIA can then be oc:nvert:ed to the
jlIpJrtant l!Hlar steroids am estIogens, lrtbich am ce '11alEll1ts of many
c:x::mt:raceptive dr\xJB (Djerassi, 1976).

SOlasod.ine is a steroid alkaloid fam in a nmDer of SOlamm
species that can be grown in Inb'lesia. Berries or fn1i.ts of
a. lsMaiargp am a. 1aclniatum have solasocline oa1tents up to
4 pm:cellt. '!he dlemi.st1:y of solasodine after side chain degradatim is
identical to that of diosgenin (Figw:e 5).

Plant sterols

until the early 19708, diosgenin trail Mexican sa.n:oes daninated a
laxge sector of the steroid hol::lID'lB market. Restrictive practices by
the Mexican gcvm::JIilellt, however, led to a search for ather sa.n:oes.

:In the united states, er¥:II1lOJS quantities of soybeans am processed
far the oil am residual meal. Soybean oil CXIltains abaIt 0.34-0.38
percent total sterols of which sitosterol OCI1Stitutes abaIt 53 percent
ani stigmasterol 23-24 percent (Gutfi.n;)er ani Ietan, 1974). several
billim bushels of soybeans am prodIJCed each year in the united
states, ani al..Joost all the soybean crq> is processed for oil. A sterol
mixture is alB of the by-pnxh1ct:s of a b:eatment mmually used to
refine crude soybean oil. 'Drls mixture is sold cxmnercia1ly am can be
further processed by a oarplex ooonterc:urrent solvent b:eatment to
yield 95 percent p.Ire stigmasterol ani 80 percent p.Ire sitosterol,
suitable for further fenoent:atim to C-19 steroids.

other sa.n:oes of sitosterol iD::lme tall oil, a by-product of paper
mills usin;J pinewood,~ wastes or oil, rice oil, ani palm oil.
Nene am in cxmnercial use, nor have the processes for dJtainiJ'q the
sterol ecc:RDi.cally been worKed cut in detail.

FIGURE 5 st:rocture of solasod.ine.
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Stigmasterol

It has been claimed that 400,000 kg of stigmasterol are available
trail u.s. saJrCBS. '!his steroid is readily cx:nverted to progestera1e
(Figure 6), and a""par8S favorably with the pzooess usinJ di.oa.Jenin.
unless soybean oil is avai1able en a 1aD;Je sc::ale, stigmasterol ca1'1Itt
be OCIlSidered far Ir1dc:mesian use. Pemaps the CI'\Xie sterol mixture
cnl1d be pJrd1ased ctleaply as a st.art.i.n:J material. stigmasterol is ale
of the majar steroids used by the Upjcim C'UIpmy far synthesis of
progesterale and thus cortioostm:oids and the oral oa'1traoeptive
PJ:overa.

Stigmasterol

HO

Hydroxy-bis-nor-cholenic Acid

BO

Pregnenolone Progesterone

FIGURE 6 o:nversien of stigmasterol to progestera1e.
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Sitosterol

sitosterol .is an ubiquitous plant sterol famd in virtually all
plants am plant parts. Until the late 19608 am early 19708, this
st:e1:o1 am the eqn2llly ubiquitous animal. sterol c:tlolesterol exw.d not
be used for steroid hon1ale prcdx:tial. A1DrJst siDultanea.1sly variaJS
u.s. patents (Rrayd1y et al., 1972) am a paper (Marsbeck et al., 1972)
~recl en CXI'1V8rt.in;J sitosterol or c:bolesterol. as wel.l. as ather
sterols to ardtGb-U-1, 4-c:1i&1e-3, 17~ in good yields usinJ a
partiaJ1ar strain of Mycci:Dcterium or, altemativel.y, aoot:her
MyccRacte:rium strain to fom ard1:cdt-4-ene-3, 17-diooe (Figure 7). As
will be shown in later presentatia'ls, these 0 M.lo.uDJ am versatile am
easily cxrJYertibl.e to 19-nar steroids or rinJ A arauatic steroids.
'1hJs, they am excellent saJrOBS for oa'ltraoept:ive~. Aldcstera'1e,
a steroid diuretic, can also be prepared trail sudl saJrOBS (Djerassi,
1976).

HO

Sitosterol

o

o

Cholesterol

/
Hyobacterium sp. NPRL-J86J.3805

/

FIQJRE 7 Micrci>iological oawersien of sitosterol to
anlIost-4-en-3-cne.
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Nrlch steroids and plant scm:ces sha.1ld be selected for further
stmy in :In:blesia, leadin:j to the productia1 of oa'1traoeptive dr\xJB?
It is evident trail pz:evious stuiies that the sapogenin ocntent of most
plants an:rellt1y famd in :In:blesia may be too low for ecurmic
productia1 of the start:.in;J steroid. Prcblers with a:1l.tivatim, sud1 as
disease or thams in the case of SOlamm, have also been erx:nmtered.

en a 1cn;r-ran:]B basis, the marked advances in biotedmology, whidl
are~ with increasinJ rapidity, may be useful. For ftX2IDPle, if
the genetic pattern of Di.oscmea oould be altered to obtain
high-yieldinj, disease-resistant strains that give yields of at least
5 pm:oent in two years, ecaonic productim might be possible. en the
other han:i, a high Yield oould pertlaps be cbtained by oe11 a:1l.tm:e.
Similar questialS a,;ply to the 0Jstus and SOlamm species. Nrlle
advances in biotedmology make sud1 su:JgeStioos less wild than they
walld have been 30 years ago, inplementatim of these su:JgeStioos walld
still require at least 5-10 y8ars.

It is also time to begin large laboratory-scale, and then
pilot-scale, stuiies of the cxmversim of diosgenin or solasodine to
16-dehymqlZegnemlooe and thereby to amrost.-4-ene-3, 17-diooe. For
this pnpose, sufficiEllt start:.in;J material for the isolat.i.cn of
diosgenin oould be oollected or p.u:chased. For sitosterol and
cbolesterol, Indalesian scientists oould OI.i1eooe fezmentatim
stuiies. Both of these areas, which shalld be p.trSUed intensively,
will require trained chemists and JDi.crd:)iologists.
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Potential Natural Sa1roes of Sitosterol

Kosasih Padmawinata am soediro soetamo
Ba1'Wn) Tectmolgy Institute

Early steroid prOOuctiat relied initially at the ext:ractiat of
natural hacIa1es trail animal sa.trees am, later, at partial synthesis
tn:m cbolesterol. It was not until. the 19408, when RlJSY'] Marker
shewed that steroid S8p:ge1dns dJt:ained trail plants, in particular
diosgenin, were weJ.l. suited to the preparatiat of certain hacIa1es,
that a c::heapar raw material emerged. In 1944, Syntex, the exwpmy
fcmded by Marker, began the prOOuctiat of progesterale trail Mexican
sam:8I of dios]enin. At that time there was still no large market for
sex hacIa1es, but in 1949 the actiat of oortisale in ~inJ the
synptaDs of meumatoid arthritis was discx:wered, thus requirinJ the
productiat of large aDDD1ts of oortisale.

In the late 19508, t.edmiques lIIere develcp!d that eventually
allowed st.igmasterol., a OIIIale1It of soybean oil, to be utilized.
Finally, the :f\1rt:her developoeut of mi.c:rd:>ioloqical methods ni!SUl.ted in
the utilizatia1 of sitosterol in 1976 am the reemergeooe of
dlolesterol in 1978 as p:rec:ursors (0Jppen, 1979). 'lhis paper describes
potential natural saJrCeS of sitosterol.

Most steroid dn¥]S are made by partial synthesis fran suitable,
naturally oc:x:::urrirq p:rec:ursors. In 1944, progesterale was pnrbJOfri
frail diosgenin. stigmasterol fran soybean oil is used for the
prOOuctiat of oortioosteroids, as are heoocjenin fran SD am bile
acids frail animal saJrCeS. Reoent develqJDents in the steroid imusb:y
have led to the oc:muercial.izatiat of certain micrci>iological processes
that new enable sudl precursors as sitosterol fran soybean am
cholesterol trail wool grease to be used.

'lhe main p:rec:ursors used in the producti.at of steroid dn¥]S are
shown in Figure 1, am exanples of ra.ttes to the corticosteroids am
oral cxntraoeptives are given in Figures 2 am 3.
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1978 19801968

A TOTAL
8 OIOSGENIN (MEXICO)
C OTHER SAPOGENINS
o STIGMASTEROL
E TOTAL SYNTHESIS
F BILE ACIOS
G SITOSTEROL

1963

1500

1000

FIGURE 1 Productioo of steroids (ta1s diosgenin equivalEl1t).
Reenetgenoe of cbolesterol in 1978 is not shown.

DIOSGENIN PREGNANES

ANDROSTANES

1
M,
I9S2

CHIOH
I

CO

~OH

CORTICOSTEROIDS

I
1~'7 _,16
~

\ C H1

+ ~COIH

~
SITOSTEROL ANDROSTANES

FIGURE 2 Rart:es to the oorti.ooste1:oids.



- 47 -

E
S
T
Ro
G
E
N
S

ANDROGENS

#

19-NOR S R 10
OH

~'CH

'£9 NORETHISTERONE

'£9 TESTOSTERONEANDROSTENEDIONESITOSTEROL

!
o

HO~
DEHYDROEPI-

. ANDROSTERONE

.~ M ·1 \
HO-dJ - ~ 'H~

CHOLESTEROL ANDROSTA- • ESTRONE
DIENEDIONE

FIamE 3 Main ra.rt:.es fran sterols to prcduct:s.

sterols, the mst widely distrib.rt:.ecl gra.1p of steroids in the plant
kfn3dan (incluii.DJ algae, furgi, am higher plants) «llilaUY ocx:ur as
mixtures of sitosterol, caulesterol, stigmasterol, am other sterols.
'D1e exact C* ill()Sitien deperxls en the sooroe. Arrz utilizatien of
sitosterol or stigmasterol requi.J:es therefore a readily available
source am a means of separatirg the desired sterol fran the other
sterols present. 'D1e:in::reasirq <:a1trib.Itien of the sterols to the
productien of steroid~ am CXlltraceptives is shown in Figure 1.

sterols as a By-product of IrxlustJ:y

sitosterol am stigmasterol, utilized in the present productien of
steroids, are by-products of soybean oil processirq. 'Ihese sterols are
oart:ainecl in the l'DlSapOIli.fiable matter of the oil. H:lst fatty oils
oart:ain 0.1-2.0 percent l'lCI'lSapa'lifiable matter.

'D1e major oils am fats produced 'NOrldwide are shown in Figure 4,
am the l'DlSapOIli.fiable CXIltents are given in Table 1. 'D1e productien
of soybean oil will have doobled by the year 2003, alt:hc:uJh its share
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will :naain 22 pm:oent of total oU producti.al. Palm oU productia'l
will i.nc:I:ease frail an annJa1 productia'l of 4.5 millia'l ta1s far the
period 1978-1982 to aba1t 21 millia'l ta1s far the period 2003-2007.
'!he productia'l of other olls will also increase. 'n1ese olls, \ttlcse
by-products an! nat utilized, shalld be cxnd.dered.

Na1sapcI'dfiable matter CXIltains various sterols with diffeJ:ent
o "talitialS, bit of these sterols present ally sitosterol and
stigmasterol an! utilized after they are separated usiD) ocuntercun:ent

19711·19112

a .....·"··',...···L_---~

cerr........ A

,. "~"'''.f.
G"

A• ." ... ,""u.1 p'odUClion:
56.2 n,illion loni

0,,,­
ft••••""t.

2(11)]·21107

0 " fI"C.

A"e,.,. ,n"",1 production:
1CM.S .niUio" to".

tt.._

....
or:.

FIGURE 4 Shares of total productia'l (pm:oent) of the major olls and
fats, 1978-1982 and projectia'l for 2003-2007.
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'mBI.E 1 Pe1:cent of Nalsapa'lifi.able Matter of the Major oils

Oil Plant

0XXrut ~ lIJCifera

Pean.1t Arachis hypogaea

Palm Elaeis guineensis

cmn .z= :&laD

Papeseed Brassica

Soybean Gyc!ne laX

Q:7ttalSeed Gossypium hirsutum

8m1fl.ower Belianthus

AlDan PnnJs f!!I'Q91aJ US

Olive Q1m E!IUX'CIJaea

Ses'!'!DP STrPP iDUgJIIl

Nalsapalifi.able Matter
(percent)

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

ayst:a11izatia1. Figure 5 shows the CCI'llIJSiticn of soybean sterols,
am the isolaticm sd1eIDe of soybean sterols is given :in Figure 6. 1his
i80laticn methcd ocW.d be adapted to separatioo of the sitosterol
ocntained :in other oils.

Tall oil, a by-product of the p1lp iIXlustry, also oaltains
sterols. It has nat been utilized because it is famd :in relatively
small quantities. yet amther source of sterols is pressm.x1 fran the
~ iIXlustry.

sterols frail Higher Plants

'!he sterol ocntents of various plants have been p.1blished. one
exanple is the sterol OI'IJOSitioo of the seeds am. mature plants of the
OJorrbitaoeae family (Akihisa et al., 1986).

Criteria for the evaluatioo of these~ of sterols-such as
tec:tmica1 feasibility, availability :in Irr3alesia am abroad,
universality, am ecxxanica1 feasibility-1lJSt be established.
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H

HO

Cho Ies tero I (t race)

HO
"C~mpesterol" (20t)

Sitosterol (S3~)

67 - stigmasterol (3:)

HO

8rassicasterol (trace)

St i gmastero I (20t)

HO

65 - Avenasterol (3~)

HO
H

1/ - Avenasterol (I\:j)

FIGURE 5 a IltlOSiticm of soybean sterols.



- 51 -

Deodorization

Edible oil
DeOdoriZ~

Crude Soy Sterols Vi.tamin E

Fract; Crystallization

Stigmasterol Sitosterol
and

Accompanying Sterol

FIGURE 6 Isolatioo scneme of soybean sterols.
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:m:>JX1CTIQf OF STElPID ex:tUgJNIS BY
PIAN!' mI. AND TISSUE aJIlIURE

'D1e Role of Plant Tissue auture in Ihannacy ani Bioted1rx>logy

E. Jam staba
COllege of Phannacy, University of Minnesota

cawirx:iIq evider¥:le exists that 50 percent or lOOre of our drugs
originate fran micrci:>ial products ani the higher plants.
unfortunately, many in the t:eic:::l'1oologically advaooed oountries believe
natural product l:eSearCh to be W'linportant (staba, 1985).

Plant tissue culture (Pn:) refers to the in vitro cultivatiat of
art:l plant part, whether a siIqle cell, a plant tissue or organ, or an
entire plant, umer aseptic oanditioos. 'D1e tedmique is sanetimes
used to replicate ani micrc:tpreplgate plants lOOre efficiently for field
cultivatim. It may also be used to develop new plants with inpraved
qualities, sud1 as disease or heJ:bicide :res~ or an ability to
graI in brackish. water, ani to i:aprove a plant's dlemical Cu'I'OSitim.
Sinply pzt, the objectives are to inprove the time required to graI
plants ani to i:aprove them for field cultivatim.

Micrc:tpreplgatim is used routinely ani profitably in the ornamental
i.mustry to produce 1al:qe I'JI1JI"bers of ordrlds, camatioos, ani ferns: in
the IUDiJer i.mustry to reforest lani with eucalyptus ani pine: ani in
the specialty cn::p blsiness in Malaysia to produce palm oil, in sa.rt:h
America to produce pyrethrom, ani in In:lia to produce glycyn:hiza. How
this is aCXXJIPlished by the Pn: tedmique is briefly sunmarized in
rt~l. •

'D1e Pn: tedmique is also used in the in vitro producti.m of
bioc.hemicals, with the aim of eliminatirg the need to use cultivated
plants to obtain expensive bioc.hemicals ani the need for special
climatic oanditioos. To date, ally two cxmnercially successful Pn:
systems have been developed for this p.npose-both in Japan. 'lbese
systems produce an expensive oosmetic dye, shikarln, ani ginsen;
gi.nst:nJsides•

It is i.JlIx>rtant to recognize that many types of plant tissue
culture are CXI'lSiderably lOOre oarplex ani difficult to graI than
microorganisms. To un:lertake plant tissue culture, a part of the plant
is explanted ani grown aseptically at a sinple, defined agar medium
that oa'1tai.ns small OCD:lel'ltratioos of growth regulators sud1 as
2, 4~d1l.orqilerxJxya.oeticacid. If oanditioos are favorable, the
explant will fonn a mass of mx>rganized cells knJwn as callus. 'Dlese
cells may be unllfferentiated: in many ways they reseni>le tunDr cells.
If these cells are transferred to a liquid medium, they will
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grcM as either small or large cell ac:R1'egates. '!hey may be subcultm:ed
evert few weeks, am they are often maintained for imefinite periods
of time. AggLegates of cells have been grown in cxmnercial. fm:mentors
c:x::ntainirJl 20,000 1 or DDre of medium. SUdl cell aggregates are often
genetically am chemically variable, tut they sanetimes produce
significant aDD.1I1ts of biodlemi.cals such as rosenarinic acid
(15 percent) am diosgenin (7 percent).

Plant organ alltm:es are DDre stable genetically than callus
alltm:es, tut they are DDre diffiallt to grcM in large growth systEIIB.
Plant explants grown 00 a basal. medium c:x::ntainirJl imoleacetic acid
often fonn root alltm:es, while those grown 00 a medium c:x::ntainirJl
benzyladenine fonn sOOat alltm:es am those grown 00 a medium
c:x::ntainirJl selected ratios of growth regulators fonn E!!IIi:n:yoids
("artificial" seeds) (Walker, 1986). callus alltm:es can also fonn
these same organ alltm:es when grown properly. Nonnal E!!IIi:n:yoids, root
organs, sOOat organs, callus, am even sirgle plant cells can J:efonn
into a normal. plantlet. '!he ability of a sirgle plant cell to J:efonn a
l'X)nna! plant withalt fertiltzatioo is kn:Jwn as totipotency. organ
alltures sanetimes produce seoomary products DDre efficiently than
Ul'X)rgani.zed cells-for exanple, caZ'Cerx>lides fran E!!IIi:n:yoids, pyrethrins
fran sOOat alltures, am ~lamine fran root alltures. Root organ
alltures have been used to stu:ly alkaloid productioo for decades. As
leD] ago as 1965, a patent was issJed to the Merck Co. (West GenDany)
to produce seoomary projects fran root organ alltures. )t)re receJltly,
ocmDe.rcial c:x:mcerns have been grcwi.rq plant tiSSlJe alltm:es usirg the
root-imuci.rq microorganism Per<:Pacterium rtrlZQgeues to produce
seoomary products. Shoot organ or meristem alltm:es are met often
used for micr:qn:qagatioo pzOC'eSses. Enin'yoids coated with gels are
bei.n;J used in the united states for "artificial" celery seed productioo
am in Japan for the carmercial productioo of ginserg glycosidas.

Special strategies are sanetimes used with plant cell aggregates to
i.n::rease their yields of biodlemi.cals-for exanple, selectioo of cells
or oJ:gal'lS for high productioo rates: develcpnent of a bianass medium
for max:imJm growth am a productioo medium for high yield (two-step
pzocess): use of elicitors for stress imuctioo: am use of iDm:i:>ilized
cell systEIIB. Elicitors are rutritiooal., honIalal, toxic Cn11'OOl'ds or
envira1mental. c:han1es that trigger increasecl productioo for reasalS
that are largely l.ll'lkrxJwn (OiCosnD am Tower, 1984).

Traditiooal. strategies involvi.rq caltrol of the growth pmse (JOOSt
often the staticmary P1ase), PI, precu:rso:rs, am enviraIDIent DIJSt also
be stl¥tied am used where ClRXcpriate (saba! am Kr1lth, 1985). 'l1le
CCIlVe:t'Sioo of rxnJSeful. into useful chemicals in plant tiSSlJe allture
has also been stl¥tied. 'lhis is exB1Plified by the CCIlVe:t'Sioo of
digitoxin into digoxin by digitalis cell aggregates.

It is possible to make protcplasts fran aseptic explants of pollen,
leaf mesqi1yll cells, am cell suspensioo aggregates. Prot:q>lasts are
plant cells Wose walls have been dissolved by pectinase, cellulase,
am hemicellulase enzymes. 'lhese cells are still livi.rq, however, am
they will J:efonn their cell walls in a nmiler of haIrs. Nevertheless,
while they exist as protcplasts they may be grown with h::Jr<i:!acterl\DD
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tumefaciens microorganisms 1l4U.ch brin;J into the cell iDportant ocxJed
plasmid mA for, pm::tlaps, disease resistance, iDpraved resistance to an
\D1favorable envi.ra'Dent, ir¥::reased product productioo, or J'lSlIi product
productia1 sudl as~, proteins, or antibiotics. Because the
protqllast is totipotent, it can be regenerated into plants that, it is
hq)ecl, retain the J'lSlIi attrihlte as well as the desirable old
attriJ:Jutes. Plasmid anplificatioo, c::branosane integratioo, am
retentioo are desired. It is also possible to fuse two pratq>lasts
fran different plant species to produce a J'lSlIi, iDpraved plant.

Prat:q>last t.ec:!1mlogy is difficult. Int.eresti.rg experimental.
results am plants have been ciJtai.ned fran genetic ergineeri.rq or
fusial mxUes, but l'Dle, except envil:amental. selectioo fran potato
prot.q>lasts, have been intr:OOJJOEri cxmnercially. the future of PR:: JIIlSt
be viewed with cptimism, however. As our lcrlc:Mledge of plant PtYsiology
am fun::tioo .iD::r:eases in parallel with biological system develqJDellt,
we will see Dm:'8 S'.lOCeeSful cxmnercial prooesses (Collin am watts,
1985; 1O.ausner, 1985).

Collin, H. A., am watts, M. 1985. Flavor productioo in culture. In
Hardbook of Plant cell Ollture, Vol. I. D. A. Evans, W. R. Shal:p,
P. V. Anmirato, am Y. Yamada, eds. New York: Maanillan.

DiCosllD, F., am G. H. N. '1'c7w'er. 1984. stress am seoarrlazy
metabolism in cultured plant cells. In Ihyt:odlemical Adaptatioos
to Sb:ess. B. N. TilTl'lleI'Dlam, c. steelink, am F. A. Ioewus, eds.
New York: Plerun Publishirg.

Klausner, A. 1985. Oilila\ scents for biotech? Bioj'I'ec:::hoology
3:534-538.

sahai, 0., am KrJ.Ith, M. 1985. Qmnercializi.rq plant tissue culture
PJ:'OC'eSses: ecalClllics, pn=blems, am prospects. Biot:ec:tlrx:>logy
Puxp::ess 1:1-9.

staba, E. J. 1985. Milesta1es in plant tissue culture systems for the
productioo of seoarrlazy products. J. Nat. Prod. 48(2) :203-209.

walker, K. A. 1986. Autanatioo of in vitro plant prcpagatioo: Has
its time finally arrived? Genetic Ergineeri.rq News. July/A1.¥1USt:
52.



'!he eart:ribItioo of Plant cell am Tissue Clllture
to the Producti.oo of steroid CCIrpcA.IrXIs in Irxialesia

Gustaaf A. Wattimena am Livy winata
Bogar Agricultural Institute

'lhe potential of plants to seJ:Ve as a source of raw material for
the .i.mustrial productioo of steroids is umeniable, despite the fact
that many oamtries have abamaled this source. Dioscorea floribn}ja
fran Mexioo was used for 20 years before it was replaced by other
sooroes in 1974. 'Ibis was attribIted to an \.U1Stable SUWly am the
agricultural situatioo in Mexioo. Solanum laciniatum, another plant
considered for steroid productioo, faced the same problems. In fact,
in Ht.lrY:JarY the project in this area was ch:q.peJ given the climatic
cxnlltions there am the econc:mi.c cxnlltioo of HlJn3arian agriculture
(Kovats am Richter, 1982).

Irxialesia is rich in plant species, which are distribIted over its
many islan:3s. Apart fran Diosoorea am Solanum, Costus sw. have also
been fourxi to cxmtain diosgenin. I11bis (1982) :reported that the seeds
of cestus speciosus contained 3 percent diosgenin am the tuber 1.2
percent. '1hese percentages are still not adequate, however, ~ they
are subjected to a oost-prioe analysis. Because manipl1atioo of plant
growth usirq the culture tedmique will not necessarily :result in an
i.Dproved seocnmy metabolites ocntent, systematic breedirg programs to
inp:rove the ocntent of active material shalld be apriority.

conventiooal. breedirg programs have tedmical problems am require
generations to achieve a certain quality. An altemative awroach is
use of the plant cell am tissue culture method, which is l1Dre rapid
t:hra1gh manipllatioo of cells am IOOlecules. An in vitro breedirg
program shalld also aim to ilrprove plant architecture am other
agronanic characteristics suited to inprovin;J CX'III'Ml'Cial plantations
for cestus sw., Diosco:rea sw., am Solanum sw.

Use of the plant cell am tissue culture tedmique in producin;J
seocnmy metabolites may not look pranisin;J at the nrment, but it will
be beneficial over the lCDJ tenn. secornary metabolite productioo can
be ilx:reased manyfold by manipl1atin;J the culture medium CUlpanent
(roR, precursor, mtrient), in:::ubation environment, am cell growth ani
differentiatioo.

Based at the availability of plant species, their enviJ:amental
adaptability, experieooe with plant cell am tissue culture, ani
available facilities, work 00 cestus sw. shalld rank first, followed
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by work a'l Disoorea SAl. am SOlanum SAl. 'Ihi.s ranld.n:J does not
necessarily aw1y to tiSSlJe allture work a'l produci.rq secorr:3ary
metabolites.

XCYats, T., am G. Richter. 1982. Solasodine as a precursor for
prcdlx:ti.a'l of oa1traoeptives. Prooeedin:Js, SEminar a'l Natiala1
Productia'l of oral Q:nt:raoeptives, Irxialesia.

I11bis, I. 1982. Diosgenin am related steroids: p::esellt state of
research am develcpnent of Irxialesian plant resc:m:oes.
P.rooeed1n;Js, SEminar (Xl Natiala1 Producti.(Xl of oral Q:nt:raoeptives,
Indales!a.



P1QX1C1'ICIf OF STEEPID c:x:J.UWNOO BY ~CIf
AND CHEMICAL SYNOOSIS

Synthesis of steroid oral OX1traoeptives Available
in the united states

~ K. Kim
eart:raoepti.ve Develcpnent Brandl,
center for Pcp.1latial Research,

Natialal. Institute of Child Health am Human Develcpnent,
Natialal. Institutes of Health

'lhis presentatial :reviews am SUllIDarizes the best synthetic
methodology of steroid oral oa1traoeptives a.nTently lDal:Xeted in the
united states. ~ews of steroid oral~~ were l:eported
earlier by ~iggs, COItal am Kl~, Djerassi, 7Drill,4
Gold et al., Kl~ am ~btal, Payne am Green, ~,8
Pincus am Merrill, Velluz, am Wi.mholz am Wi.mholz.
'lhus, this presentation will be oanfined to the D:lSt efficient partial
synthesis of several. 19-nor steroids, am the total synthesis of
rxn:gestrel, whidl is currently available in the united states, am two
steroid estrogens, ethynylestradiol (EE) am mestraool (MEE).

Historical Developuent

'!he basis for the design of steroid contraceptive agents dates back
to the begirmi.n;J of this century wilen 00l:p.lS luteum extracts injected
into various animals were fourxi to prevent ovulation. In 1934, the
active CUlpanent of the 00l:p.lS luteum was isolated am its stroctul:e
elucidated as pregn-4-ene-3, 2o-dione (progesterale). Progesterone (I)
is ally slightly active, however, wilen administered orally. A~
active, preferabl! orally active, product was therefore needed. In
1944, Ehrenstein at the university of Pennsylvania l:eported the
lIIl1tistage transformatial of the cardiac aglycone strqilanthidin (II)
to an oily mixture of stereoi.sc:mars of "19-nm:progesterale (In) II in a
0.07 peJ:'CeI'lt yield (Figure 1). '!he p.lI'pOSe of this work was to rEm:JVe
the argular methyl group, C-19, attached to p:JSitial 10 of
progesterale, am to examine the effect of sud1 a sb:uctural c::tlaJ'9! al
progestatialal. activity.

the cbBnical steps involved i.sanerizatial of three asymnet:ric
centers (p:JSitions 17, 14, am pm:baps 10 in III). 'lhis aweared.
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I
Progesterone

H

1 II
12 step synthesis

be.

FIGDR! 1 J!2u:enstein's aJltomd.

H

unforbmate, however, since it had been shown earlier ~t even
inversioo. just at C-17 a1x>lishes biological activity.1 It was D:lSt
su:tprisinJ, therefore, to fim that this oily material showed the same
proprtatiooal activity as progestera1e i~i. Pralpted by these
unexpected biological :results, a Swiss groop mx3ertoak the
synthesis of 14-iso-17-:isqn:'ogest:er (IV), since its wrag
st:.ereodlemist at C-14 am C-17 mimicked that of P1u:'enstein's 0CJllX'lII'rl
(III) am it semed c::lCl'Drlvable that inversion of the st:.ereodlemist
of progestera1e at bath C-17 am C-14 owld have been responsible for
the biological activity of P1u:'enstein's Sl.11:Jst:arr:e (III). '!he p.1re
ctyBtalline 14-iso-17-:isqn:'ogest:er (14 B, a17-pregn-4-ene-3, l~o-diooe)
(IV) was fam, however, to be inactive in doses up to 10 JIg.
'Dms, the other possible speculation was raised: the~ of the
C-19 argular methyl group owld have played a key :role. '!his
initial ciJservation of very high progesterale-like activity for a
19-nor steroid was of great significarDe since it stinulated further
researdl. interest in this area.

A breakthro.lgh in~ synthesis of 19-oor steroids came in 1949
when Bi.rdl am ltl.1kherji Ieported that the 3-glyceryl ether of
estradiol owld be converted to 19-oortestoste:rone by means of sodium
or p:rt:.assium in liquid anm:mi.a via the 1, 4~yd:ro derivative,
followed by hydrolysis with mineral acid. A major1~ement in the
Birch reduction was discovered by wilds am Nelson who used the
3-methyl ether of estradiol instead of the 3-glyceryl ether, am who
used lithium in place of sodium or potassium in liquid anm:mia for this
reductioo. (Figure 2). '!he Birch reductioo. offered therefore ready
access to many 19-oor steroids.
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CHP
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IX 70-77~ overall yield

FIQlRE 2 !b:lified Wilds-Nelsa1 Birch reductial.

Djerassi am his c:x:JWOrkers, 17 ,18 worki.rg in the laboratories of
Syntex S.A. in Mexioo, first ~lied this inproved Birch procednre to
prepare crystalline 19-rxxprogesterale (XIII) of natural oanfiguraticm
fran 176-aoetyl-3-methaxyestra-1, 3, 5 (10)-triene (XI), Mrldl differed
fran the natural hol:1Io1e (I) a1l.y in the replaoement of the an;JUlar
methyl group by hydrogen, at C-10 (Figure 3). 'Ibis substarre was foorrl
by injectial to possess a progestatiooal activity fan- to eight times
greater than that of~ in the standard C1.auberg rabbit assay
for en:kDetrial proliferatial. '!bus, it became the D:lSt potent
pI:ogestatiooal agent koown at that time.

Even thaJgh 19-00zprogesterale showed considerably greater
pI:ogestatiooal activity than natural progesterale, 19-00rt:est0ste.ra,
by oontrast, ~ less an:h'ogeni.c than its natural hc:Ioologue
testosterone.

In 1937, 17a-ethynyltestosterone 1~' ethisterone) was prepared by
the additial of potassium aoetylide, 2 , foll~ by an owenauer
axidatial usinJ aluminum isopropoxide (Figure 4). 3

Et:hi.st:.erale displayed sane oral progestatiooal activity in spite of
its significant an:h'ogeni.city. On this basis, it was introoJ)cm to the
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medical ~fessial in 1941 for the treatment of certain menstn1a1
disorders. 'l1le oral activity of ethisterone (XVI), coopled with the
patent activity of 19-oorprogestera1e (XIII), pl:oopled investigators to
iooorporate both m:xii.fications into the same IIDlecule. To that en:i,
two very i.nportant subst.arx&;, mret.himrale am ooret:hyn:xirel, were
prepared imepementl.y by two different l~tories. Noret:hynodre1
was prepared by F. B. CoItal of G.D. searle, while~
was synthesized by C. Djerassi of Syntax laboratories. 'l1le credit
for denalstrat.i.n:J the effectiveness of the estrogen-proges oral
ca1tracepti.ve DIJSt urquestialably be given to the late Dr. PiJnJs am
his colleagues. '!heir initial studies, Mrld1 established~
antiovulatory~es of the 19-norprogestins in aniJMl s am
human fenal.es, were reported in 1956.

Early in 1953, Pi.l'n1s, Qlan:;J, am collaoorators at the WOrcester
Falrdatial for Experimental Biology began to evaluate mret.himrale,
oorethynodrel., am related analogues for anti~atoryactivity. 'D1ey
established that activity for the first time. SUbsequently, Ro::k
in Boston am Garcia f1 PuertO Rico successfully 8R)lied these 1'BI
dn.¥;Js in the clinic. 2 ltbrt. iIrportant was the discovery that
oorethin:1rone shofr.1ed oral progestatiCXla1 activity five times greater
than that of progestera1e in rabbits; this result~ ~i.nDed by
other investigators in rabbits, Da'lkeys, am wanen.' A
large-scale clinical evaluation of both oorethynodrel am norethi.mrane
sl1c::1Ned that the oral administratial of these progestins, in cadJination
with 17a-ethynylestradiol (EE) or its methyl ether, mestraool (MEE),
fran the fifth day of the menstnJal cycle for 20 ~r 21 days, p:evented
pregnarx:y with a1na;t 100 percent effectiveness. 2 In the early
studies, it was t1'lcujlt that the pl:ogestins alone were effective. It
was soon realiZed, however, that part of the effectiveness resulted
fran an estrogen~, MEE, a precursor in the synthesis of the
19-00rpr0gestins. '!he superiority of the estrogen-cont:ainirg
preparations aver the oonestrogeni.c progestin was soon revealed in
caItroIU.l'¥J breakt:hrcuJh bleedi.n:J. 'lhi.s vital clue led to the
develoaDent of currently available estrogen-progestin cadJinatial
prc:xmetS.27,31 Not ally did the aa:Jed estrogen penni.t smaller doses
of the IID:re expensive pl:ogestin, but it camteracted any potential
antiestrogenic effect of the proqesti.n am sustained better integrity
of the en:ianetrium.

I.arge-scale clinical trials soon established the efficacy am
safety of these cadJinatioos. '!he era of oral oontraceptial began in
1960 \41en the cadJinatial product Encvid was~ by the U.S. Food
am D.ru;J Admini.st.ratial (Fm) for the cyclic~l of ovulatial am
was iD'lJlf'diately marketed for this use by searle. In 1962, the Fm
ext:en:ied its awroval to the cadJinatial of mret.himrale am mestranol
for the caltrol of ovulatial. 'lhi.s substarx::e was intrcxiuced to the
medical professial ~ 1963 by ortho :Alannaceutical Corporation umer a
license fran Syntax.
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PARl'IAL SYN1HESIS OF 19-OOR S'I'ER)ID IERIVATIVES

As shewn in Figure 5, D:lSt steroid chu;p; are, in fact, prepared by
partial synthesis fran natural products that cart:ain the steroid
rucleus. '!he b1lk of the world's SUWly of steroid st:art:irg material
is derived fran ally two species of plants: Mexican yam, a species of
Dioeool:ea, am soybean.

Degralatioo of the Side 01ain at C-17

:In a process develcpd by the dlemists at Syntax ~tories, the
sapogenin diosgenin was ciJtained fran the Mexican yam. - '!his
material, with the req.rl.site tetracyclic rucleus possess.i.rq the OOIIect

st:ereodlemistI, 0CIltains eight carlJal ataDs in the side cbain at C-17.
Treatment of diosgenin with hot acetic anhydride leads to a

reactial similar to the fonnatial of erx>l ethers fran ketals. In this
case, the net result of the transfonnatioo is the openin;J of the spiran

NorethindroneNorethynodrel

1IC1

~-------------

I. Birch Reduction
2. ruH

LOll, TSA

16-Dehydropregnenolo~~J

Acetate un
16-DPA

FIGURE 5 Partial synthesis of 19-nor steroids.
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FIQlRE 6 Decj%adatioo of the side chain of sterols.

rirg to a dihydrofuran rirg; the hvdroxvl group at C-26 is acylated.
umer these cxnlitions (Figure 6). 33-;3~'" OXidatioo of ~ with chrani.um
trioxide in acetic acid effects the desired scissioo of the side chain
with the fonnation of the desired C-20 ketale Q). Treatment of this
ester, 16-acylaxy-2o-keto steroid Q), with acetic anhyth"ide leads to
the e1iminatioo of the 16 a-'(-aoetaxymethylvarleroy~axy groupirg. 'Ihus
00tained is an intenJeliate with furx:ti.onality suitable for subsequent
m::ldificatioo, 16-dehyd1:0pregne00lone acetate (4). As sha.rm in Figure
7, .i is converted to its oxime; treatment of this mltj,-2o-axime (2)
umer the cxntitions of the Beckmann rearrargement :results in migratioo
of the unsaturated.~ to nitrogen with consequent fonnatioo of the
acylated. enamine (§). 'Ihi.s reactioo JlI.1St involve migratioo of the
vinylic C-17 carl:x:n in anti-oonfiguration of the oxime. 'D1erefore,
this rearrargement oanfonns to the accepted geanetrica1 requirement for
migratioo of the group trans to the departirg anion. (on the other
harrl, a mr.n-20-oxiJne YJOUld suffer C-21 methyl migration to give the
N-methylamide. ) No explanatioo is awarent here. 'lhe N-aoetylenamine
(§) is very unstable with water am readily hydrolyzes to give
dehydroepiamrosterone (IlIA) acetate (1). Rerocwal. of the 3-acetate by
saponification foll<::JWai by owenauer axidatioo aff~~ the caljt¥;Jated.
enone (2). 'Ihus, arrlrostenedione (2) is 00tained. 'Ihi.s is one of
the best-krorm pzocesses for degra.di.rg a pregnane into an arm:ostane
derivative 00 a productioo scale.
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FIalRE 7 CcrIversial of 16-dehydr:qn:egneoo1one to androstenedione.

'!he oonsaponifiab1e fractial fran the abJrrlant oil of soybeans, one
of the prin::ipal agricultural crops of the united states, is koown to
be rich in a mixture of sterols bea.ri.rq a 10-carl:xm side main at the
17 p:JSitial. '!he chemists at Upjcim CCIlpany selected stigmasterol,
t.b!ch is susceptible to chemi:a17~tiongiven the presen:::e of
unsaturatiat ¥J the side dlain, , am they used it to prepare
progesterone, which becx"tMs ~ startin3' material for the production
of meJIaxyprogest.era1 acetate 9 for mai.ntenarx::e of pregnancy. A new
process for the isolation of stigmasterol of abart 88 percent or better
p.Jrlty fran soybean sterols via the di.soc:I1tirD.l oamt:ercurrent
1eac:hiJ'q process was described by c:anp,el1 am ocworkers in 1957.40
use of a by-product is an :i.Jrportant CXX'1Sidera.tial in the selection of a
raw material for steroid productial, since a by-product a1Ioost always
gives superior ec:aonic:s. Soybean sero1s are abart 20 percent
stigmasterol.
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stigmasterol (lQ) is converted into progesterone (I) by llSiDJ an
efficient foor-stEp pzocess that involves: (1) ~uer axidatioo of
lQ, (2) selective am sterea;pecific ozalQlysis of the JOOSt
electron-ncb da.1ble l:xni in the side chain in the pz esance of
pyridine, (3) 2<Hmol acetate fonnatioo, am (4) ozalOlysis
followed by hydrolysis of any C-3 erx>l ester (see Figure 8).

'!he other sterols with the saturated side chain at C-17, mstly
canpesterol am sitosterol, were of less interest until recently. Now,
however, micrci>ial methods for the degradatioo of sitosterol am
caJ1(esterol to useful steroid .intenJehates are bei.n;J develcped.

Many methods for the CXI1VeI"Sioo of pregnanes to amrostanes are
available. '!he sinplest, JOOSt practical, am JOOSt widely used method
~ a productioo scale is the Beckmann rearrargement of
~ 6_2o-oxi.mi.nqlreg (Figure 7).

10
SllJ;maSl"rol

27.

o

. H

" + o-...c~
)-K" lo-bi sn,n-lo-chC'1 ",,­
:lld,-hyde

1) Ozonolysis
2) H'"

~

HOAc

CH)Ac

Honoenol Acetateo

rreanenolone Acetate

FIGURE 8 Decj%adatioo of stigmasterol to progesterone.
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Ketal.izatioo. of 16-DPA (.4), ale gf~ early intermediates fran the
diosgenin raIte (Figure 6) to f0J:1ll6 ,1 -pregnadi.ene-36 -<>1, 20-a'l9
ethylene ketal was followed by saparl.ficatioo. to give the alcxilol
W). An Oppenauer QP.datioo. 00. this product followed by epaxidatioo.
with~ic aci.cfll. (or cxumercially available peracetic
acid" ) yi.elded 64~3, 2o-di.ale-16a, 1A1-epoxide
2o-ethylene ketal w). cemensatioo. of this DDX>-ketal with ethylene
glycol afforded 6 5-pzegnene-3, 2o-di.ale-16 , 17 -epoxide bisethylene
ketal W), 1l4U.ch upa1 treatment with LiAlH4 followed by HCl was
cxnverted directly to 17a-hydraxyprogest 01) (Figure 9).

Qle of the mst widely used methods for the i.ntroductioo. of a
1"b~ group into a 2o-ketq>regnane involves the protectioo. of a
3-keto-6 system via its eniminium salt, t:h.ralgh a dienamine,
penni.tti.rg eool acetylaticm of a 2o-ketone, epoxidaiicm, hydrolysis,
am finally rE!lCVa1 of the A-rin]' prot:ecti.rg group. Since many
steroid dalble barD; will :react with peracids, they DUSt be protected
before the eool acetylai~QD steP. It is expected that a mixture of them (Z) am~ (E:) 6 (;lO)-enol acetates is ciJtai.ned. No
substantial differen::s in reactivity of the two i.saners is sha.rm here,
however. FurthenIm'e, the oonfiguratioo. of the acetyl side dlain (a
or 6) in the start:.i.rI.J JIIIIlterial is of no oa1S8CJLJISOO8, since the
~ at C-17 is dest:my8d by dalble bald fonnat1oo.. ~tioo.

"17
17Q-HydroX)"progesterone

o

lrOH
LOH

Ale. KOH. t.

H
o J

.!l

Al (01.Pr) 3
Cyelohexanone
toluene

C6H5C01H 1n EtOAc or
JeraceUe Acid

lC
OH
OH

rSA. C6H6

..··0
1) LiAlH, ether
2) d. HCI

FIGURE 9 cawersioo. of 16-DPA to 17a-hydroxyprogesterooe.
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of the 617 (20) ~l acetate was originally carried cut with
perlJenzoic acid, 4 b.1t the ~~allY available peracetic acid is
generally the na;t convenient.' Based on the expected backside
attack, the desired epoxides have the l~-configuration, am hydrolysis
always produces the 17a-hydroxy group. '!he openin:;J of the epoxide am .
regeneration of the 4-ene-3-one can be carried cut sinultanea.1sly by
treatment with 0.2 N aqueous ethanolic sodium hydroxide to give
17-hydroxypregn-4-ene-3, 20-dione u:n in 48 percent overall yield fran
progestera1e (Figure 10). '!his deIoonstrates the stability of eniminim
salts which may prove valuable when selective protection of an
a ,a -unsaturated c::arlJanyl group is required durin} an electrc::prllic
reactial. 'Dle protection of fj,S dooble borxl is available by
halogenation dur~ the intrcducti.on of 17(:4 -hydroxyl grcup prior to
enol aoetylatial. 4

In 1962, another elegant pzocedure was devised by Bartal46 for
the introduction of 17a-hydroxyl group into a 2o-ket:cpregnane by
talO-/02/zn-lfJAc procedures. As is so often the case, the method
arose as a matter of cxmnerci.al. necessity. SUbsequently iIrproved,
Bartal's pzoarlure rec::anmerrls the use of t-OOtoxi.de in rMF-t-ootanol at
-20oC to -2SoC in the presence of triethyl Iiloslirite to reduce the .
hydrq)eroxi.de fomm. Although a 3-~to-64 system is not ~le to
the reaction oorxtitions, a 3-keto-61 , system will survive.
Trea~ of progesterone with DI:X2 in dioxane affords n (see Figure
11).

Edwards am c::::oworkers at Syntax I.al:x>ratories described the cleavage
of 17a~~lonewith potassium t-D.rt:axi.de in 'IHF to give
IliA in gcxxl yield. Since such hydrq)eroxi.des are llC1ti aooessible

CHg
A:;.

FIGURE 10 Introduction of a 17-hydroxy group into progestera1e.
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o
I

DDQ
)

FIGURE 11 Direct oxygenaticm of 2o-ketopregnanes.

fran the 2o-ketopregnanes in ale step, this constitutes a oanvenient
two-step degradation process. In practice, the intennediate
hydroperaxi.des need not be isolated. other enolizable keto gra.1pS in
the DDlecule JIIJSt be protected. (see Figure 12).

--~
8

DRA

C.. talytit *
Hydrogenation...
Pd-BaS0/o
ether I
EtOH

1 at...
90airH

16-DPA
/0

FIGURE 12 Degradation via 17-hydrcperoxi.des (*R. E. Marker am J.
Ktu;Jer. 1940. sterols. CXII. sapogenins. XLI. '!he preparaticm of
Tri1lin am its conversion to progesterone.J. Am. Olen. Soc. 62:3349.).
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~
H ~c

-··-H Ac 0 0
2 + 3~ rsA.. HeOR,"'" >~r· (",) ~

FIaJRE 13 17-kstosteroids frail el'X)1 acetates of 2O-kstosteroids.

Similar 17-kstosteroids are ci::7tai.ned by means of OZCD>lysis em two
stereo.isaDeric el'X)1 acetates, d.§ (Z) ~ trans (E), abcut the dwble
l:x:ni of 2o-kstosteroids (see Figure 13). 0

l'7a-hydroxypn!gneolooe 3-acetate can be cleaved quantitatively to
IJfA acetate (1) usi.nj lead tetraaoetate (Ib(OAc)4) sft an aprotic
solvent such as benzene at reflux (see Figure 14).

In aatitiem, a variety of oxidative reagents, :in::ludirg dlranium
trioxide, lead tetraaoetate, Periodic acid, am sg¥um bisrruthate, can
be used to cleave the 17, 2<>-oxygenated pregnanes.

Aranatic A-Rirg steroids

Treatment of amrostenedi.ooe (2) with rD;248 leads to the
fonoation of 1,4-di.enale W). Aranatizatiem is aocarplished by
treatment of the 17-ethylene ketal of 1, 4-di.enale (~) with an excess
of the radical anion derived frail lithium metal am biIileJ1yl in boili.nj
'lHF solutiem. Sima the aJ'XlUlar methyl groJp in this case leaves as
methyl lithium, diIileJ1yl.met:hane is :in::lmed in the reactiem mixture to

o
_.. ·OOH

Zn
HOAc

17a-Hydroxypregnenolone
)-aceta te

FIGURE 14 '!he degradation of C-21 to C-19 steroids.
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cpan:b this~, thereby preve1'1tin) its reactioo with the
startin:) material. Acidificatioo of the reactia1 JIlixtme
hydrolyzes the ketal :f\n:tioo am affords estrale in c;pite a
respectable yield (Figure 15).

19-Nar steroids

FstIa.e is~ to its 31ethyl ether by reactioo with
cUmethylsulfate. ~oowith sodium bordIydride in'IHFjEtaI
qives the 178-alcx:ilol. Fstradiol 31ethyl ether (2§) ~ the
startin:) material for~ synthesis of mret:hyrxxb:'el (ll) 4 as well
as noret:hi.mrale (Ja).

'!he Birch reductioo of ~ with lithium in liquid anuarl.a usirg 'IHF
am t-bItanol as oosolvents results in the fomation of the 1,
4~ derivative (11), \llich is subsequently :in1:ercharged with
ethylene glyool in the preseID! of TSA (p-toluenesulfarl.c acid) am
oawerted ~the um:e stable ethylene ketal Ollta.m (an inprcwed
plooednre). ssOXidatioo of ~ with the d1ranium triaxi.de-pyridine
(Cr03.~) results in a good yield of the 17-keta1e <2.2)
withaut iJ:imrt.izatioo. Ethynylatioo of the 17-keta1e of
3-.th¥~ <2.2) with a metal acetylide, sudl

Dioxane

.--- DDQ (1.1-1.5 l!q)..
o

ADD

~

3. Hel

o

HO
Estrone

FIGURE 15 Reductive aranatization of dieoones.
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as cxmnercial lithium acetylide ethylenediam1 ne ocmplex, gives the
3-ethyleneketal of rx>ret:hyrxxb:' Q,Q). Mild acid hydrolysis (usirg,
for exanple, the oxalic acid of the latter) prodJlCE'S rx>ret:hyrxxb:'
Q..1), whereas hydrolysis with hydrodlloric acid gives norethi.nh'ale
Qa), as shown in Figure 16.

F\n'x::ti.ooalization at the C-19 Position

until aba.lt 1961, the synthesis of 19-00r steroids was al.mst
entirely based al the Birch reduction of est:rale 3-methyl ether. '!he
carmercial. ilrportarx::e of steroid oral caIt:raoeptives p:z:wpt:ed extensive
tr«>rk al alternate partial syntheses lro4U.ch do not proceed via a Birch
reductial of rirg A aranatic precursors. A very efficient pz<:n!dure
was discnvered sinultanea1slv_bv two groups workirxj i.rDepemently in
Mexi~6;5T;dSWitzer1anj,~~r;S9 who~ the prd:>lem
thra1gh chemical furx:tiooalization of the aRJUlar methyl grcup at
positial 10. .

'!he procednre described by Kalvoda et al. 59 of Ciba N; is
representative of these new pzooeBSes ani is especially suitable for
the preparatial of rx>ret:hyrxxb:' Q..1) ani rx>ret.hiJm'a1e Qa). '!he

ria

o

CH

o~

1. (ell) 25°4

2. ~~~~. THF! .. -r-r'..... -r

32
Horethindrone

FIQJRE 16 Synthesis of 19-00r steroids.
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acHitial of hypod1l.0r0us acid to 3B-l1ydraxyarrh"o-s-en-17-ooe (IJfA)
acetate (1) results in an excellent yield of the chlordlydrin. '!he
C-10 methyl grcup is then fuD::tiooalized by treatment with lead
tetraaoetate to give the 6~, 19-axi.de. Hydrolysis of this oxide
followed by oxidaticm gives the diale. SUbsequent alkali treatment
prmnoes the 4~3-ketoderivative. Reducticm of the
4~3-keto (,) Milam:! with zin:: affords the inportant, intermediate
l.9-hydJ:axyard-4-ene-3, 17-Qial8 W). Treatment of this diooe with
d1rani.c acid provides the acid W) that upcn heatm:J in pyridine is
decartxDcylated to give the 5(10)-deh}Jdro derivative, B ,y-unsaturated
ketale ~). Treatment of ~ with a weak acid in methanol results in
selective ketalizaticm at C-3 to give the 3-dimethylketal Q.§l.
SUbsequent ethynylaticm at C-17 produoes an excellent yield of the
3-dimethylketal 01) of ooret:hynodrel. weak acid cleavage of the
dimethylketal 01) yields ooret:hynodrel (ll), Wile a DDre vigorous
acid treatment gives oorethirm'ale W). Alt:hcu:lh many steps are
involved in this transfomation, each of the zeactioos results in a
good yield, .am a high overall OCI"lVeI"Sicm to the desired product is
dJtained. '!his procedure is very attractive for the lazge scale
preparaticm of 19-nor steroids. '!be inxIweni.ent Birch reducticm of
ri.rg A arcmatic precursors for large-scale ql8I"atioos is totally
avoided here when l'X'J'IPi'red with Djerassi's original procedure involvirg
a Birch reducticm W). '!his alternate~ can be used for a
small-scale preparaticm in the laboratory for OCI"lVeI"Sion of IJfA ~) to
mret:hirdrcne W). several lOOdificatioos of the C-19
fl1rx:tiCl'lalizaticm gf Kalvoda have been reported (see Figure 17).58

Bowers et al. 5 at Synt:ex utilized the bratdlydrin instead of
chloro1'I}'drin am reported good yields by c:awert.irg the intermediate,
68, 19-axi.do-Sa-braooarxh'osta3, 17-Qiooe to
19-hytb:'oxyanh'-4-ene-3, 17-Qiooe QJ) usirg a zin:: am isq>rqilyl
alcx:ilol treatment followed by acid ist:marlzation of the C-S dwble
lxn:i, in a marmer simi Jar to that of Kalvoda's proc.mIre (Figure 17).

Another iDprovement in this general~ was worked cut by Pawo
and Nysted of G. D. searle (Figure 18). 6 '!his involved the peracid
fomaticm of the s,6a-epaxi.de, followed by dilute pe.rchloric acid
cleavage to the S, 6-Qiol. Acetylation gave the 3, S, 6-triaoetate \llich
reacted selectively with potassium bicartxx1ate to yield the
3,6B-Qiol-!ix-aoetate. Selective acetylation at C-3, am then lead
tetraaoetate am iodine flm::ti.CI'lalization of C-19, gave the 6B,
19-axide. ~iUlll bicarba1ate hydrolysis of the 3-aoetate am then
dlranic acid oxidation of the resultm:J alcx:ilol gave the key
intermediate 613, 19-ax:i.do-5a-aoet:axyarmostan3, 17-Qiooe. Treatment
of 6 B, 19-axido-S~oetaxyarrjrostaal8with zin:: am zin:: chloride
in methanol gave a good yield of 19-hydroxyarxh'osone (ill.
OXidaticm with dlraniurn trio~de oonverted 19-hydroxyarxh'osone
OJ) into the C-10 carbaxyll -3-keto ~M'lam:!. Upcn gentle heatm:J
in~ m'I"idine, the acid was decartxDcylated to give the
3-ket:o-ll::>\1UJ steroid ~). '!he overall yield for this reaction
sequer¥::e was good. '!he need for metal-anm:>nia reduction (Birch
reducticm) is thus avoided.



7
DIlA Acetate

- 74 -
o

HOX :®Et 2o-CH 2C1 2 ) h PbCOAc), ~
Cyclohexane

hO : A.I
X ~

X-CI Ciba A.G.
X-Br Syntex

l.aq. K2CO),MeOP.
2. CrD),Pyr,

)2
Norethin­
drone

Halonic Acid
E Acetone

.ll.
Norethvnod r .. l

v

o

I
I
I

OCH3

l
~~~cl;lation
Sodium t-amylate
t-Amc;~alcohol-tolue

---- (}:Crl

FIQJRE 17 Ciba NJ, Basel, am Syntex procedures.

other Modificatioos of 19-Nor steroids

Noret:hi.mrale Acetate w)

Fsterificatial of the 17B-hydroxy groop of norethi.rmale provides
derivatives with i.nterestin;r biological prqlerties. 'Ihe 17-aoetate
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~~crO+-3~
HO~­

Ok.

FIQJRE 18 G. D. searle prooedure.

ester W) of~~) is orally effective c1inica1ly61
am, with a small annmt of estrogen, is marketed in El1rq)e by Sd1eri.nj
At; as A:oovlar am in the united states by Parke, owis as Norlestrin
(Table 1). one of the synthetic sdlemes currently used for prepari.nj
the 17-aoetate involves oanversial of norethi..mrale to the
3, 17~te QJ) by treatment with acetic anhydride or isq>r~l
acetate in the prE!SE!!'D! of p-toluenesulfarl.c acid as a catalyst.
Mild alkaline or acid treatment of the el'¥)l diacetate (33) produces
ooret:hirr:n:'ale acetate ~) as shown in Figure 19. An alternate method
for the preparation of~ 17-acetate ~), plblishecl in 1968 by
Shapiro am coworkers,6 involves ethynylati.nj am acetylati.nj the
el'¥)l ether in the same reaction am then hydrolyzi.nj it to give the
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TABlE 1 canbined oral Q:I1traceptives Marketed in the
united states (as of octd:ler 2, 1986)

luropa

Oreho-No~ 1/50
1/80
2 ..

Ortho-NoYUa 7/7/7
10/11

Ortho-No~ 1/35
!Iodlcon

(21,211) Oreho
(21,211) ­
(21)
(21,28)
(21,211)
(21,211)
(21,28)

1.0 IfET
1.0 ­
2.(l •

0.5/0.75/1.0 •
0.5/1.0 ­

1.0 •
0.5 •

0.050 ICE
0.0110 •
0.100 •
0.035 II!
0.035 •
0.035 •
0.035 •

1/35 (21,28) Searle

o..ulen 1/50 (21,28)
bodd-E 21
En..old 5 ..
Ino"ld 10 0'
Owulen (21,28)

0.035 II!

0.050 IE
0.100 KI!
0.075 •
0.15 •
0.10 •

0.035 EE
0.035 •
0.050 Il!E
0.0110 •
0.100 ­
0.035 EE
0.05

0.030
0.03

0.03/0.04/0.03
0.020
0.030
0.050
0.050
0.050

1.0 Ethfftodlo1
Dlacetate

1.0
2.5 Norethfftodrel
5.0 •

9.85
1.0 Ethfftodlo1

Dlacetate
0.5 NET
1.0 •
1.0 •
1.0 •
2.0 -

0.5/1.0 -
0.5 dl-Norgeetrel
0.3 ..
0.15 lNC

- 0.05/0.075/0.125·
P-D 1.0 NET AC

1.5 •
1.0 •
1.0 •
,.~

Wyeth

Syntex

(21 and 28)
(21 and 28)
(21 and 28)
1/20

1.5/30
l/SO
I'al 1/50
2.5/SO

Ire"lcon (21,28)
Norlnyl 1+35 (21,28)
Norlnyl 1+50 (21,211)

• 1+80 (21,28)
2 ..

Trl-norlnyl (21 and 28)
awral
LO/ClYTal
Nordeete
Trlphadl
Loeetrln

o..ulen

....rl..trl0

17-aoetate ~) (Figure 20). 'nle 3-ethyleneketal W) -not the el'X)1
ether az) -is preferred durirg the d1rani.c acid oxidation, as shown in
Figure 16.

Oh

32
N,:"'rC'l h i ndrone

--·-~CH

3ll
Norothln1rone Acetate

FIGURE 19 Fsterification of~.
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o

·····C-CH

o

2. Ac 20
3. Her

Norpthindrone Acetate

FIGlRE 20 caxxmitant ethynylatial ani acetylation.

Since 1975, we have synthesized ani tested esters of oorethirm:'a1e
am~ in oollaboratial with the WOrld Health organization
(tH» • Esterificatial by usiIq the ocnventiooal methods al
sterically himered terti.aJ:y alccilols provides a very poor yield of the
desired~ '!be JOOSt SlJCOeSsful method awears to be the thallous
ethaxide ale. A '!he min.rt:e mtDD'lt of toxic thallium residue that
remains in the ester is unacceptable ani umesirable, ha.Never. lok>re
reoently, a staple mixed anhydride procedure usiIq trifluoroacetic
anhydride ani the acid for esterification, followed by the reaction of
steroid alccilols, was fo.nn to be the method of choice for the
preparatial of steroid esters.

Ethynodiol Diaoetate

Gocxi yields of ethynodiol diaoetate W) are obtained by the
diaoetylatial of the diol (2) 1~ acetic anhydride ani pyridine. 66
'!his dial was~ by COltal ani imeperDmt:ly by scmheimer
and his CXJWOrker by reductial of oorethirm:'a1e Qa) with sodium
borci1ydride. M:n:'e recently, it was fo.nn that lithium
tri-t-brt:axya1uminJm hydride was a superior reduciIq aqent69 to
sodium borci1ydride or lithium aluminum hydride in prcxluciIq a greater
ratio of ~odesired Ja-hydraxy isarer aver the Ja-hydraxy epimer (see
Figure 21).

SYNIHESIS OF~IOL W) AND ME:S'mANJL W)

Reactial of estrone (25) with a metal acetylide produoes
r~-ethynyl-17e-hydroxyestradiol= ethynylestradiol, (EE) W).71
'!his 0 "10ll'Xl is equipotent with estradiol by subcut.anecAJs
administration, b.1t it is 15-20 times as active by oral
administration. Ethynylation of the methyl ether ~) 9~~
similarly prodI~ mest:raool W) as shown in Figure 22. '



- 78 -

32

Li(tBuO)3A1H. THf

H

OH
---C=CH

NC'T'cthincrClne

l
AC 20. P)'ridine

0Ae.

---<:=CH

FIQlRE 21 Diacetylaticm of the 3, 17~ (»).

Attack of the metal aoetylide at the 17-ketale takes place fran the
least himerecl a-side of the esb::ale or esb::ale methyl ether.

Ethynylestradiol ani mestranol are of spedaJ cxmnercial
significaro! because Dart: of the oral contraceptives ncM at sale
iJxxD::porate alB or the other of the~ as the esb::ogeni.c
eatpJne11t.

Total synthesis produoes JX7t ally norethimrooe, 00t also steroids
with sb::uctures that do JX7t occur in nature. For exanple,
D-(-)-oozgestrel, ~ch possesses a 13-ethyl groop, is marufactured
ally by this rcute. It is prdJable that intensive process resean:h
develqoment at the reactia1S involved in these syntheses may have made
these rart:es ~iallY e:xttpetitive with partial synthesis based on
plant sterols.

25 R=H
25:\ R-CH

3

Ethyn\'lation

RO

OH
----C=CH

FIQlRE 22 Ethynylatiat of estra1e ani its methyl ether.
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severa1 useful altemate approadles for the oc:umercial. total
synthesis 9s-~ steroid aliiams have~_~by Torgov am
associates am by smith am coworkers. 'lhese methods
have been utilized to prepare a variety of 13-alkylga18.-1, 3,5 (10)­
triene intenDediates (Figure 23).

Originally, ocniensatioo of 2-ethylcyclqJentane-1,3-di.one CD) with
the vinyl caminol ~) obtained frail 6-methaxy-1-tetra!alB am
vinylmagnesium d1l.oride, in the preseooe of aba.It 10 percent of the
quatemazy anm::n!um hytlroxide Trital B, gave the tricyclic diket:a1e AIl)
which was rin;J closed umer acid catalysis to AaCD. catalytic
reductioo of the 14~le ba'ld pLuooeds at the a-side because of the
preseooe of the b1lky an:.JU1ar ethyl groop at C-13. 'Ibis step has the
aMitiatal. c:xI'lSE!Q\JeOO of establi.shin;J the inportant trans C/O rin}
jurx:ture. Reductioo of the 17-ketale pLoceeds as expected to give the
17S-alocilol. 'Ihe remai.nirg 8,9-da1ble ba'ld is subjected to further
reductioo with lithium in liquid aDIJDli.a to establish the trans B/C
rin:J jUl'K±ure. Birdl reduction, owenauer oxidation of
1,4-di.hyaroanisole-a~6-alocilol,ethynylatioo, am hydrolysis provide
racwni c rm:gestrel. Althcu.Jh this synthesis has involved the

c~o

C~O

OH
1. Birch R~ductlon

2. Al(IPrO)3

3. E.\.hynylatlon
...-.-----.. 4. II hydrolysis

OH

·····C=( H

FIGURE 23 Torgov-smith total synthesis.



- 80 -

fonnatial of six chiral centers, ally two of the 64 possible isaners
are fcn:mecl. A major yield inpravement resulted fran prior oawersial
of the unstable vinyl carbinol (AD) to the crystalline isothiurarl.um
acetate, \llich was OC11pled with an eoolate CD) under mild ocnU.tialS
(~~!)8~ give the tricyclic diketale CAW) in 90 percent
yl.eld. '

Total Synthesis of D-(-)-Norgestrel Usin] a arlrality
Irnucin] Reacti.cn: SCherin] N; Process

'Dle tricyclic diketale (j§) is a prochiral DDlecule, sin::le reaction
at ale of the cartxmyl groups lilIalld create an asymoetrlc center at C-13
(steroid 111Iltlerirg) as shown in Figure 24. For exanple,

o ~ 0
1

£\II ••• OH~
1,5

/" :=.-M"CJ. -ro -'" '00 "old
CH~O 43 CHp

6-Hethoxytetra1one 44

OAe

51

o

~~) '? 0 t!icrobial
. Reduction with

CH 0 ~ ~:~~~:rOIlYCeB
3 46 (CBS-1508) OH

OAC ~
I. Ac:o,rYIC6H6dS,.q
2. TSA,O.CllH6 L)'

~

OH

"-e=CH

FIQJRE 24 Total synthesis of D-(-)-norgestrel usin] a chirality
iniucti.on (SCher:in;J N; process) •
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HO

56
(+)-Bicyclic Ketol

55
Tri;"etone

FIQJRE 25 AsyDmetric aldol cyclizatial.

microbiological. reductial of this tricyclic diket:a1e (!§) with the
yeast 8a<x:tlargnyces uvannn (am 1508) fonns the optically active (-)
ketol j1 at a 53 percent yield. '!he followirg steps will yield
D-(-)-norgestrel.: oawersion of the 17-alochol (41) to the 17-aoetate,
acidic cyclizatial (.4.S), catalytic reduction of 14, (15)-dcuble lxn:i for
the fonnatial of 14a-i.saner, hydrolysis of the 17-aoetate (~) to the
17-alochol (.2Q), Li/liquid anm:>ni.a reduction of 8,9-dcuble lxni, Birch
reductial of aranatic rinJ A p::>rtion, owenauer oxidatial, am
ethyny1atial followed by hydrolYSis with met:hanolic hydrochloric acid.
'!his is the SdlerirxJ ]t,G px:ocess: 85,86 In 1975, a :research groop at
SdlerirxJ ]t,G p.1blished an elegant synthesis as an alternative to this
process. It does nat proceed via a Birch reduction of the rirxJ A
aranatic precursor.

'!he reqioselective sufony1methylatial87 ,88 of optically active
7S-ethy1-6H-7, 7a-di.hyaroinian-1, 5-dione (21) opens the poss~i1ity of
a l'Bii, tedlnically si.nple synthesis of D-(-)-norgestrel ~).

'!he (+)-enediooe (57) is prepared by dehydration of the
(+)-bicyclic ketol ~) in TSA, which is in turn cbtained by
cyclizatial of the triketone8~) with S-(-)-proline in rMF as a p::>lar
aprotic solvent (Figure 25). Reaction of the (+)-enediooe (21)

~~=~~~~f~l=dra~i~~10;t
SOoC affcn:ds the sulfooe ~) at a 85 percent yield. Presence of a
1aJ:ger anomt of acetic acid aoc::le1erates the reaction, b.1t the
reqioselectivity is thereby rednad, am OJJlSiderable annmts of doobly
alkylated products of varyirxJ structure are fcn:mecl. In acid solution
(ethanol with 1 percent aqueoos hydrodUoric acid) with palladium on
cbarooal. (10 percent) as a catalyst, the sulfone ~ is hydrogenated to
the ,mm-fused sulfooe <.22) as a cr:ystalline product in a 75 percent
yield.

It is certain that the IilenYlsulfonyl group is alPla-that is, in
an equatorial position. In nonpolar solvents (pentanejbenzene),

...



- 82 -

1. N~OH/HeOH
2. H

!QJ 26 +97,8
(C,1.29.CHC13)

ABCD
63

o

1," Hydrogenation
2. H+

BCD
62

54
D-(:)-Norgestrel

FIGURE 26 sterEkXXlItrolled synthesis of D-(-) -oorqestrel.

e::atp:mrl ~ via the a-methylene ketale92 reacts with the anioo
prepared fran ethyl 7, 7-ethylenediaxy-3-keto-oct:anoate ~) am sodium
hydride to give the ester W) in high yields. '!be CI'lde ester is
cyclized, hydrolyzed, am decamaxylated~ '!he tricyclic Olllam:l W)
was isolated as an oil (see Hajos et ale 2). SUbsequent
hydrogenation, cleavage of ethylene ketal, am cyclizatioo produce
136-ethyl-19-00ramr0stenedione W) in an overall yield of 35 percent
fran (+) -enediooe ~). D-(-) -oorgestrel can be dJtained frail ~ by
et:hynylatioo with lithium aoetylide in PIre ethylenediamine. It is
fourn that 136-ethyl-17-ketale W) is OJllSiderably less reactive than
its 13-methyl ocmrt:erpart 1:atIard aoetylenic mcleqili.les. '!he
diff~ is attri.b.rt:ed to the additiooal steric hirdrarx::e provided by
the ethyl groop.
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Micrci>i.al FcmDatial of 'n1erapeutically Valuable steroids

o. K. sebek
Infectious Diseases Researdl
'!he Upjcim cmpany (n¢ired)

Many steroids am their derivatives possess remarkable
anti-inflaDroatory, anabolic, diuretic, anti..neq>lastic, prtX'jeStatialal,
am arDrogenic properties. '!hey are also effective in allergic,
dermatologic, am ocular di seases, am in cardiovascular therapy. '!he
synthesis of orally active progestogens led to their use as regulators
of merasLtual disorders in 1957 am to their zq:plicatian as oral
ocnt.raoeptives in 1960. '!hey are also used in aniJIal husbar'm:y as
fatt:.enirg agents am far sync:!u:alizirg estrus in fann animals. '!heir
productial is a $4 billial worldwide bJsiness (Ie.nz, 1983).

Interest in these (dilomjs i.rcreased dramatically in 1949 lr.tlen it
was di.scx:wered that oorti..sale acetate alleviated the synptans of
rtleumatoid arthritis (Held1 at al., 1949, 1950). A SIDden surge in the
demand far this cciliom resulted, am it was hailed as a miracle drug
far the treatment am cure of millialS of sufferers of this criR>lirg
disease.

oorti.sale was prodID'd at that time fran deoxycholic acid obtained
fran cattle bile by a laborious process OCI'lSistin;} of 32 chemical steps
(sarett, 1949; see Figure 1). 'lhi.s process was ill'proved, however, am
presently lb1SSel Uclaf in Fraooe uses deoxycholic acid for the
marufacture of oorti..sale by total synthesis.

ADag the raw materials used to mamfacture cortisone am its
derivatives, diosgenin fran barbasoo, the Mexican yam, first daninated
the world market. It has been estimated that between the mid-1950s am
early 19608 well aver 50 percent of all steroids mamfactured worldwide
originated fran Mexican diosgenin (Djerassi, 1976). Diosgenin is
a.l.Dart: ideal far the synthesis of oot ally corticosteroids tut also
19-mr steroids am the diuretic sp:l.rax>lacta1e. '!he demand for this
raw material 0CI1tirued to grow t.l1rcuJh the 1960s, tut the situation
began to c:blm1e. SUR>lies began to decrease fran overtlarvestirg am
risirg prices as the Mexican governnent began to control collection of
the yam. In 1975, yam collectial was natialalized CCIlpletely.
Diosgenin is presently prodJD'd in the Peq>le's RepJblic of arlna for
the synthesis of 19-oor steroid oral oaltraceptives am
corticosteroids. It is also produced in Guatemala, costa Rica, am
Iniia.
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FIGURE 1 Synthesis of oortisale acetate (2) fran deaxydlolic acid (1).

As a result of the situation in Mexico, other raw materials also
used in steroid mamfacture began to assume new inport:an:le as
alternatives to diosgenin. '!hey i.rx:lme: stigmasterol fran soybean oil
(United states), heoogenin fran sisal (East Africa, Ethiq>ia, Haiti),
solasodine fran Solamm plants (EoBdor, New zealam, am Australia),
am bile acids (FraIre, the Netherlams). With the lIm'e recent
elucidation of the bacterial side dlain degradation of cholesterol am
B-sitosterol, these cclIIOJl'lds ~"e extremely attractive for steroid
manufacture as they are :readily available in large anomts am
inexpensive. Clolesterol is ootained as a by-product primarily fran
wool grease in Japan, am B-sitosterol (in a mixture with calilesterol)
fran soybean oil in the united states am west Gennany. steroid
honoones are also mamfacturecl by total synthesis in FraIre,
Switzerlam, East Gennany, west Gennany, H\.1n:]ary, am the Pecple's
Rep.1blic of China.

Hydroxylation

In the synthesis of corticosteroids such as oortisale or
prednisolcne, cne of the lIm'e difficult steps was the stereospecific
introduction of f'ln::tiooal. groops into the intennediates, am in
particular the introduction of oxygen into the crocial C-11 position.
'!his prd:>lem was solved in 1952 lrti'len it was reported that selected
f'un;Ji of the order lolloorales (such as Bhizcp1S nigricans) carried rot
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Rhizopus nigrians
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(85~)

+
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FIQJRE 2 P\mgal. ill -hydroxylatia1 of progeste.rale (3) to
lla-hydrcxyprogest (4) am 68, UP . (5) •

the desired axygenatia1 with remarkable specificity am in high yields.
'nms, progeste.rale was oonvert:ed in one fennentatia1 step to
lla-hydrcxyprogest, the i.nt:et:medi.ate in the synthesis of cort.isale
am other oortiCXlSteroids (Petersal am M..u:ray, 1952; Murray am
Petersa1, 1952; see Figure 2). SUbsequently, other ftn'gi sud1 as
AspeJ:gillus od1raoeus lilIere also fam to catalyze this reacti.a1, am
processes lilIere develqsi in lldUd1 the 11a-hydroxylated product was
fcnmed in 70-90 percent yields (with small anomts of 6 8,11a ­
d1J]ydlralMJrOge:lterale; see Figure 2), at substrate oaICeI'ltra.tions in
excess of 20 9/1 (Atxl-Elsamie et al., 1969; Hansen am Maxa'l, 1965.)

OXygen was introduced into the strategic e-11 positicn also thrcu]h
118-hydroxylatia1 (Figure 3) by means of other ftn'gi sud1 as OD:vularla
lunata am o.mi.mhamel.la blakesleeana. In this way, 11-deaxycortisone
(oortexolooe, Reid1stein's~ S), the preferred substrate in
such a case, was transfcnmed into hydnx:x>rti..so (cortisol, CC"ta.m F)
in ~tely 60 percent yields with an additialal 14a-hydroxylated
by-product (stmll am Kita, 1955).

CH2(Ji

~.O
.oH

6 7

(! 6(1)

FIQJRE 3 P\mgal. 11B-hydroxylation of Reidlstein's~ S
hydnx:x>rti..so (7) am 14a-hydroxy-11-deoxycortisone (8).

8

(! 251)

(6) to
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Streptomyces roseochromogenes

a
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taO
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··OH

FIGURE 4 Microbial 16a-hydroxylation of 9:x-fluorcpredni.solooe (9) to
16a-hydraxy~-fl~ooe (triaDcinolooe, 10).

'!he anti-inflamnatOJ:y activity of sane corticosteroids sud1 as
hyuI'ocorti.sale was further inproved by the chemical canversial to
9a-fluordlydrocorti., tut this DDdification also caused an i.rx::rease
in salt retention. 'Drls undesirable side effect was redJx:ed to sane
degree by microbial 1-dehydrogeneration of the latter 0 M'Iam to
9a-fluorq>redni.solone (see the follCJWirg section). When the resultirg
9a-fluorcpredni.solone was in tum hydroxylated at the 16a~itial, it
yielded 16a-hydraxy~-fluorq>redni.solooe (triaDcinolooe: see Figure
4). 'lhi.s ccillam is a potent anti-inflanmatozy steroid am
essentially devoid of mineralocorticoid activity (Gocx'fman am smith,
1960, 1961).

Of other microbial reactions, 17a- am 21-hydraxylations by fun;Ji
may be functional, tut they have been replaced by superior chemical
rart:es.

To date, all the available ccu:tx:nJ of the steroid mlecule have
been hydroxylated by selected microorganisms, tut ally the three
mentiooed above have famj practical awlications. 5aDe of these
reactialS are also catalyzed by mamnalian tissues (Table 1), tut they
are not of practical value since they woold be quite expensive am
difficult to perform on a large scale.

TABlE 1 Hydroxylations carried art: by Microorganisms
am Mamnalian Tissues

Microorganisms Mamnalian Tissues

1a 7a 15a 1a 12a
18 78 158 2a 15a
2a 9a 16a 28 16a
28 10 8 168 6a 17a
38 11 a 17 a 68 18
5a 11 8 18 7a 19
58 14 a 19 118 21
68 21



- 93 -

1-Dehydrogenatial

Early in the devel.q:m:mt of tllese corti.oost:eroids it was fam that
the anti-infllmmatary 1Xqe.-ty of SClDB (sudl as oortisale am
hydrocartisc:me) iJx:reases tln'ee to five times with the ootlCallitant
decrease in salt retential lltlen a 1,2-daJbl.e lxni is introduced into
their nspecti.ve molecules. It was further d:isoaYered. that this
l~tialcan be carried out quite CXl'lVeI'1i.ently ani efficiently
by .-uw of several. b!Icteria (Arthx'ci?acter sinp!ex, Bacillus
zt!eertcus, NQt?!JV1" restrictus) ani ftn'gi (F\Jsarium solW, septal1Yxa
aWnis) •

11

'13
o

CH3
12

14

15 16

FIQlRE 5 Micrcbial l~tionof selected steroids by septal1Yxa
atfinis: 6a-Dethylhym:ooortisone (11) to 6l-Dethylprednisolcna (12);
3-oxd:>isn0r-4-d1olen-22-a1 (13) to 3-oxd:>isnor-1,4-d1oladien-22-a1
(14); ani 4-arxh'cstene-3,17-diane (AD, 15) to 1,4-arX1rostadi.ene-3,
17-dicna (ADD, 16).



- 94 -

'lhi.s microbial :reaction has been incmporated into the proC'Pfmes by
whim several valuable 1-dehydrosteroids are prOOtxwi: prednisa1e,
prednisolooe, 6a-methylprednisolooe, 21-deaxy-9x -fluoro-61­
methylprednisolooe, am tri.am::inolale (Figures 4 am 5). 'lbe same
methodology is also used to dehyrlrogenate 4-amrcstene-3, 17-diooe to
1,4-cmh-ostad.i.ene-3, 17-diooe, a valuable substrate for the d1emical
synthesis of estzale am 19-nor steroids (see below). si.Jx,e the enzyme
(l-dehyCrogenase) that catalyzes this reactioo is imucible, the
additioo of selected imucers (such as 3-~i.sn0r-4-d1olen-22-alor
progestercne; see Figures 5 ani 6) to the fezmentatioo i.rx:reases the
efficierx.:y of the reactioo (MJrray am sebek, 1959; Koepsell, 1962).

AJx)ther tedmique, IIpsEu3o-ct:yBtlofezmentatioo," was described
for c:awerti.rq 50 q of powdered cortisol/100 ml to prednisolooe in five
days. '!he product was recovered in 93 percent Yields, ani the
prnadnre was develqm into an imustrial process (Kam am Masua,
1961).

:>

o

16

17

~

0

3·

OH

.,.
0

18

19

FIGURE 6 Metabolites of (3) prOOtxwi by .s..a. affinis:
1-dehydrcprogesteron (17),1~ (18), (16), am
proqesterale 1-dehydrotestolo1actale (19).
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undesirable By-products

Altl1aK]h the desired CXJ'lo.D'Dl are prodnced in high yields by the
above processes, sane by-products are also fOl.1DSd in varyirg aDD.nl'ts,
thereby lowerinj the overall efficierqr of the process.

'1hJs, for exanple, sane of the micrc::xxgani.sms that carry a.xt
1-dehydrogenatial also cleave the side dlain, oxidize the hydroxyl
group at c-17, am carry a.xt cm:ix.n-cal:txI scissicm of rirg 0 (Figure
6) •

Met:bJds raltinely used in fementatial develq:mBllt have been
effective in reducirg or eliminatirg such unwanted reactioos. '!hey
inclme: selectial of a suitable medium, adjusbJent am close centrol
of fenDentatial ocn:iitioos (1en;Jth of ir¥::uba.ticm, aeraticm,
tetperature, additial of inhibitors), nutaticm, am strain selectial.

MI~BIALMEI'AOOLISM AND DEX;RADM'I(N OF STEROIS

'Dle c-17 side Olai.n

As iniicated above, dlolesterol am e-sitosterol have beo'm:l
attractive substrates for the producticm of pm:maoologically active
steroids. '!hey are renewable raw materials, they are available in
large cpmtities (~tely 100,000 ta1s worldwide in 1980; Lenz,
1983), am they are inexpensive. Cholesterol, whim was first isolated
fran human gallsta1es, is extractecl primarily in Japan fran wool grease
(wool inparted fran Australia am New zealam) am fish oil, wilere it
is present in 15 am 7 percent OOIx:leutratiOOS, respectively.

a--sitosterol is a cu'Iale1'1t of soysterols (by-products of soybean
oil processirg) whim OOI1Sist of 21 percent stigmasterol, 49 percent
B-sitosterol, am 27 percent ccmpesterol (Itdl at al., 1973; see Figure
7). Of this mixture, ally stigmasterol is used imustrially in the
united states for the synthesis of progesterale am other pregnanes
(via 16~loneacetate) because the c-22(23) dooble bon:i
makes the side chain amenable to an efficient chemical cleavage.
Si.l'x:le 6-sitosterol am ccmpesterol lack this dooble bon:i, chemical
cleavage of their respective saturated aliIilatic side chains is not
ecxIanical as it also generates a rnnnber of umesirable by-products.
For this reasal they have been discarded as useless wastes.

Jit):re :reoently, however, ways were fanxl (by selecticm of proper
lIIltants, use of inhibitors, or chemical lIIXtificaticm of the substrates)
to allow side dlain rEmJVa1 of these sterols withalt affecti.rg their
steroid mclei. 'lhese cb3ervatioos were then develq:8i into
l.arge-scal.e prooessirg in whim the side chains of dlolesterol,
8-sitosterol, am ccmpesterol are cleaved in high yields specifically
to 17-ketosteroids (4-arxlrostene-3, 17-dione, 9:l-hydroxy'-4-arxlrostene­
3, 17-diooe) in ooe fenoentation c:peraticm (see below). Usirq
additialal micrcibial manip..tlation, oorditioos were also defined umer
whim partial degradation of the steroid rirq system ocx::urs am yields
ather products useful as nefrl substrates for further chemical syntheses.
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FIGURE 7 SOysterols extracted as by-products of soybean oil.

'!he origin of these develqments can be traced back to 1913 lr.bm it
was reported that myoabacteria were able to utilize dlolesterol as the
sole source of carl:xm for growth (SCi'm;}en, 1913). 'll1is ciJseJ:vatioo has
since been CCI'lfinnecl many times, am bacteria belcn;Jirg to the
foll~ genera were also famj to grow em dlolesterol: Artllr'<i?acter
(Q:>rynebacterlum), Azotcbacter, Bacillus, Brevibact:eri.tDU, Nocantia
(PJ:'oact:inanyoes), Protaminobact:e, serratia, am streptanyoes (see
Arima at al., 1969). sane bacteria were reported to degrade this
substrate a1ly partially.

'Ihus, methylheptanane was identified as a bacterial product
origina1:i.n; fran the dlolesterol side chain (Horvath am Kramli, 1947;
see Figure 8). In a related st:tny the isolatiem of isocaproic,
3-0x0-4-etiod'lolenic, am Wirrlaus I keto acids clearly showed that rtt
cmly was the dlolesterol side dlai.n cleaved, its steroid rirg strocture
was also metabolized ('l\.1rfitt, 1948; stadtman at al., 1954).
SUbsequent data Wicated that bacterial dissimilatial of dlolesterol
can proceed via bio different pathways: (1) by a stepwise degradatiem
of the side chain, am (2) by a stepwi.se degradatioo of the steroid
nucleus. 'n1e bio pathways do rtt qlerate in sequerD! bIt proceed
i.meperrlentl.y fran eadl ather. 'lhus, if degradatiem of the steroid
nucleus does rtt take place, only the side dlain will be degraded am
vice versa.

InvestigatialS of the mechanism of the dlolesterol side chain
degradation identified the Wividual enzymatic steps involved (Figure
9).
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FIamE 8 Earlier degradatioos of dlolesterol (27) to nethyl.hept:aro1e
(20), cholest:.En:ne (21), 7~lesterol (22), isocaproic acid
(23), 3-ax0-4-etiod1olenic acid (24), dlolestene-3,6-diooe (25), ani
windaus' keto acid (26).

'!he sterol is first converted to 4-d1olesten-3-me (whim may or may
rot be 1~ted to 1,4-d1olestadiene-3, 17-diooe). '!he
tem:i.nal. C-26 nethyl groop is then hydraxylated am subsequently
axidi zed to the oon:espcnii.IYJ C-26 carl:xlxylic acid. 'll1i.s acid in tum
is degraded. by a med1ani.sm similar to the classical fatty acid
B -axidatial, first to a C-24 carl:xlxylic (J-ax0-4-d1olen-24-oic) acid
with a release of 1 DDle of propia'lic acid, am then to a C-22
carl:xlxylic (3-axci>!s00r-4-d1olen-22-oic) acid with the loss of 1 DDle
(see Sib at al., 1968: Arima at al., 1978: Iida at al., 1985). Upon
reDDVa1 of a seocni DDle of propia'lic acid via a retroaldol reaction,
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FIGURE 9 Micrci>ial side chain degrada.tioo of d101esterol (27) to
4-cholesten-3-ale (28), 26-hydroxy-4-cholesten-3-ale (29),
3-axo-4-cholen-24-oic acid (30), 3-axcbi.srx>r-4-cholenic acid (31),
(15), AD an:! propiooic (32) an:! acetic (33) acids.
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the e-22 an1xncy1ic acid is then ocnverted to a e-17 ketale
(4-arm:ostene-3, 17~me, AD). If the substrate or arty of the
.int:mmediates is l~ted, the final product of this sequerre
is 1,4-anh'cstadiene-3, 17~ (AID).

'!be bnm::bed~ side dlain of B-sitostero1 (an:! of
0'''le&tero1, its 24-met:hy1 analogue) is degraded by a similar oxidation
sequeooe (see Figure 10). '!be pzocess is again initiated by the
h}'draxylatioo of the e-26 methyl graJp, whidl in tum is oxidized to
the oon:espcniin:J cart:xlXy1ic acid. '!be carlJcn-cartx:I fissioo at
e-24-e-25 an:! e-24-e-28 of this acid results in the fonnatioo of
3-ax0-4-cho1en-24-oic acid an:! 2 1OO1es of propiarl.c acid. As in the
case of dlo1est:ero1 this latter acid is further metabolized via
3-axcbisr¥Jr-4-cho1enic-22-oic acid to AD (F\1jinDto et al., 1982a,
1982b) •

'!be steroid Nucleus

De!pendi.nj at the m:ganism used, AD is then ocnverted either to
9r;1-hydraxy-4-arm:ostene-3, 17~me (9o;-(IW) or 1,4-anh'cstadiene-3,
17~ (AID: see Figure 11).

34 35
o

+ COOH

+
31 ---->~ 15

FIGJRE 10 Microbial side dlain degrada.tioo of 8 -sitosterol (34) to
24-ethy1-26-hydraxy-4-cho1esten-3-ale (35), 30, 31, 32, 33, an:! 15.
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9C1-aiAD is an exo:e]] ent st:artinJ material for the synthesis of
hydrocortisone acetate because its rin; C is f'urx::tialalized as the
~ -hydroxy graJp am the oortic::xJSteroid side dlain can be easily aQ;BJ
at C-17 by the krx:Jwn d1emistl:y. 'nlus, by acid-catalyzed dehyCratioo
~-aiAD yields 4,9(11)-amrostadiene-3, 17-d.iooe, llbidl is first
converted to bratd1ydrin with the hydroxyl graJp at C-11 in the
required Cl-Oalfiguratioo ani is followed by the reductive n:m:JVa1 of
the branine atan. '!he stereoselective .introducti.oo of the
oorticosteroid side chain at the C-17 positioo then results in the
fonnatioo of hydrocortisone acetate (VanRheenen ani ShePlani, 1979).
'nlis synthesis tluJs offers an altel::native to the f'urx::tiooalizin; of the
C-11 positioo by micrcbial hydrcxylatioo. Its additiooal flexibility
is that it also yields 17 , the st:artinJ materials
for a mJIDber of therapeutically inportant antifertility agents
(SheI:hard am VanRheenen, 1977).

'!he secani product, ADD, is pyrolyzed in high yields to esb:aJe
fran which 19-nor steroid oral contraceptives are synthesized by a
m:x1ified Birch reductioo.

In the subsequent steps of the steroid nucleus degradatioo (Figure
11), 9::L -aiAD is dehydrogenatEd ani ADD is 9Cl-hydraxylatEd. '!he product
of both :reactioos is the same, 9C1-hydroxy-1, 4-amrostadiene-3,17-d.iooe
(9C1~) • since it is highly lD1Stable, ~-awD inmediate1y
un:1ergoes sinultaneoos arcmatizatioo of rin; A ani cleavage of rin; B
between c-9 am C-10 by a rxmenzymatic reverse aldol-type :reactioo, ani
yields 3-hydraxy-9, 1~1,3,5 (10) -arrlrostatriene-9, 17-d.iooe
(HSAD) • ~ a subsequent hydrcxylatioo at c-4 (3, 4-dihydraxy-9,
1~1,3,5(10)-androstatriene-9,17-d.iooe, rHSAD), rin;J A is c:pmed
by a~ cleavage whereby a 2, 6-d.ioxocartxJxylic acid is fcmoed. 'nlis
acid is then cleaved to (1) 2-ax0-4-hydrax.yhexanoic acid, llbidl in tum
yields pyrovic acid ani propialaldehyde: ani (2) hydrin:Jene cm:t:laxylic
acids, which are useful substrates in the chemical synthesis of
retrosteroids. '!bey are further metabolized to succinic acid am
eventually oxidized to cartxm dioxide ani water (see Kieslidl, 1985).

In additioo to its theoretical significaR:le, the elucidatioo of
this degradatioo sequeooe was of oonsiderable practical:inteJ:est. It
showed that (1) AD, 9Cl-aiAD, ani ADD (convenient substrates in the
synthesis of steroid drugs) are intermediates in these processes: am
(2) they are fanned ally after the side chains of the mspective sterol
substrates have been oarplete1y renrNed. It also showed that their
degradatioo is initiatEd ally after they have been 9Cl-hydraxylatEd ani
1-dehydrogenatEd, thereby yieldi.n; an lD1Stable 9C1-hydraxy-1,
4-d.ien-3-ale, llbich initiates the deo 1'llOSitioo of the steroid
nucleus. If ooe or both of the enzymes involved (9Cl-hydraxylase ani
1-dehydrogenase) is inactivatEd, degradatioo of the steroid nucleus is
prevented ani the respective products aocunulate in the medium.

To achieve this acomulatioo three different methods were used:
(1) the substrates were chemically m:x1ified: (2) the sterol degradation
was perfonned in the preseoce of inhibitors of the two enzymes
involved: ani (3) the degradation was carried cut by lIIltants 1ac1d.nj
Sb -hydroxylase 1-dehydrogenase, or both.
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FIGURE 11 Micrcbial degradatioo of the steroid rinJ stroctm:e
(4-armartene-3, 17-diale, 15) to: 9a-hyCroxy-4-ardrostene-3, 17-dione
(9a-aJAD, 36): 16, 9a-hyCroxy-1, 4-amrostadiene-3, 17-diale (9a~,
37): 3-hydraxy-9, 1~1,3,5(10)-arxlrostatriene-9,17-dime (HSAD,
38): 3,4-dihyCraxy-9, 1~1,3,5(10)-arxlrostatriene-9,17-diale
(msAD, 39).



- 102 -

40

1
~

0

~ oC,
<

HO eOOH

1 44

.0
OH 0(6Q~

41

eOOH

t
~ ~ ~[P

OHC............,.CH3
CH3

O;':COOH
eOOH

i
42 43
f I r:LJ0H

I I HOOC

l~ J
~I!-

CO2 + H2O ~...-._--- --- ("eoOH 45
Hooe
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2-axo-4-h}'draxyhexaooic (41) acids: propia1aldehyde (42): am pyruvic
(43), hydrirxJene au:baxylic (44), am succinic (45) acids.
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Method 1. 'Dle d:Jservatioo that degradatioo of the steroid llDlecul.e
was prevented by llDdifyirg the stroct:ure of the substrate was first
made in 1958. A rsendaoonad was described to CXlIlVe.rt 19-hydroxy-4­
arxirostene-3, 17-diooe to esb:ale which was nn: further metabolized am
ClCX:'DD1]ated in the medi\Dll (DodSal am M.1ir, 1958). 'Ihi.s oanversioo was
shown to be carried oot by a strain of Nocanlia restrictus as liIlel.l (Sib
am Rakim, 1963). In additioo, esb:ale was fcmoed fran
19-hytlraxy-4-c:bolesten-3-ooe, 19-hydroxy-4-sitosten-3-ooe (Sib am
Wcmj, 1965), am 3f3-aoetaxy-19-hydroxy-5-c:bolestene (sib at al.,
1965). 'Dle latter oanversioo is efficient (72 percent yields) an:l of
particular :inteJ:est si.rx:s this substrate is oaweniently prepared fran
d1olesterol acetate in three chemical steps (Figure 12).

A miCI"Ci>ia1 reactioo was also in::luded in an efficient synthesis of
19-00r steroids. As in the synthesis of esbule,
3 a-acetoxy-5-dl10r0-6, 19-ox!dodlolestane (prepared fran dlolesterol
acetate in two steps1 see Figure 12) is converted to
6,1~-an:irostene-3,17-diooe, a key intermediate in the
synthesis of 19-00r steroids (Sib at al., 1965).

'lhese OCIIi:>ined chemical-m!CI"Ci>ia1 procedures represent the shortest
amlOOSt efficient raItes for the synthesis of estJ::ale am also of
19-rDr-17a-ethynyltestosterane am related c:art:raoepti.ve agents (see
Djerassi, 1966).

Method 2. As IXlted earlier, steroid 9a-hydroxylase is a key enzyme
respoosible for the degradatioo of the steroid rucl.eus. 'Ihus,
inhibiticm of its actioo means that the integrity of the rucl.eus is
preserved llhil.e the selective side chain degradatioo am
l~tioo proceed. mrlJrpaired am result in the fonnatioo am
acoDD11aticm of AID. si.rx:s the h}'draxylase is a Fe2:V oantainirg
~, the lipqi1ilic ira1 dlelatirg agents aex::atplish the
desired selective side chain degradatioo. A100rg them, a a '-dipyridyl,
1,1~line,am 8-hydraxyqui.rx>line proved lOOSt effective for
the acoDD1]atioo of AID. others that were active by the same med1anism
in::luded cupferrat, diPlenYlthicx::amazooe, diethyldithic:x::arlJamate,
isarl.oot:inic acid hYdrazide or Q""Iilenylenediamine. Also effective
were Ni2+,-eo2+, R;2+~-~~-, am ~l- by replacirg Fe2+
or blocld.n:J SH-ful'rtien;.

em the basis of this am other infonnatioo, fermentatioo processes
were develqm for the production of AID fran dlolesterol in Japan
(Mitsubishi Olemi.cal Irxiustry) am the Netherlams (Gist-Brocades).
AID in tum is a valuable substrate for the synthesis of a number of
steroid 1xmIr.nes: estrogens (estradiol, estriol, mest:raJx)l,
dimethisterale), progestogens (norethi.sterale, noretl1yrnh'eJ.,
et:hynodiol diaoetate), amrogen (testosterone), anabolic
(rx>rethardrolooe) am diuretic agents (spirorx>lactone), as liIlel.l as a
corticosteroid (tri.ancinolooe).

Method 3. 'Dle third method is superior to the two described
abcNe. To generate the above products, it requires neither
llDdificatioo of the substrate ror the additioo of metal ien; am
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FIQJRE 12 Synthesis of estrone (47) ani 19-n0r-4-an:irostene-3,
17-dicme (48) fran d1olesterol acetate (46).

dlel.atin1 agents to the fenDel'It:aticn. Rather, it eD'ploys 1IIItants
derived fran the total sterol degraders which are selectively blocked
in the deo "IJOSiticn of the steroid nucleus. In ad:litiat, other
lIIltants may be selected fran such Dlltated pcp.1l.atioos, which are
blocked at varioos stages of the degradative pathway, maJd.rq it
feasible to isolate the respective intel'DW"'diary products, iD::l.mirq
rilg A-degraded tricyclic Ch'IGn'Ds.

'!he methodology of generatin1, selecti.rvJ, an:i evaluatin1 such
lIIltants is a lIIIe1l-established pz:ocess (see Marsheck et al., 19721
WOVdla et al., 1978.) It involves Dlltaticn of a potent
sterol-degradi.r¥J m:tjalli.sm ani selecticn of DUtants with the desired
pl:q)erti.es. '!he biotransfonnatioos are generally carried oot by
growirg the selected Dlltants in nutritiala1ly rich media in shaken
flasks ani in aerated fennentors. When the late logarithmic or early
statiooazy growth pmse is readled, the substrate is added, the
incubaticn is ca1t.iruJed, ani the pzogress of the biotransfonnaticn is
narltored by apprq>riate analytical methods. Because of their



- 105 -

inherently poor solubilities in water, the steroid substrates JJBY be
added to the medium in fine suspensioos or dissolved in water-1niscible
organic solvents (N,N-dimethylfomandde, acet:ale, dimethyl sulfarlde,
ethylene glycol, ani ethaml). Given their toxicity, the
oa.::sntIatials of these solvents shcW.d be as law as possible. 'lb
eliminate sudl toxic effects, finely powdered substrates are also used
or water-soluble derivatives prepared (cyclcborate esters, steroid
21-hemi SlJOCinates). When the bioc:xnversiem is OCIIpleted, the products
(ani~ unreacted substrate) are isolatEd by the established solvent
extractiem plooedJ1re.

Alt:hcD;Jh these transfonnatioos have been carried oot by the
traditiooal batdl fement:atioos, they can also be perfcn:med with washed
resti.rg oel.ls, spm:es, or isolated enzymes whidl have been .ilIIImilized
em a suitable carrier (IEAE-oellulose, ac:z:ylam1de) by the cross-li.nki!xJ
.ilIIImilizatioo tedmique. '!he advantage of this manipllatioo is a
minimal loss of enzyme activity ani iJrpraved stability.

cnamlOO

Microorgani.saB are iuportant in the mamfacture of varioos
OIlIOJl'Dl sudl as antibiotics, organic ani amino acids, vitamins,
nucleotides, ani mcl.eosides. '!bey have also been used with
oa'lSiderable SlXX.W3S as catalysts of specific reactioos with whidl sane
imustrially valuable cnll~ are prodJxm: hydrolysis of
penicillins G ani V for the productia1 of superior semisynthetic
penicillins; preparatiem of p..1re L-a1nirK> acids by resolutioo of their
racemic DIrmixtures; axidatioo of D-sol:bitol to Irsorbose ani fonnation
of 2-ketogulcmate fran glucose in the synthesis of vitamin C; ani
reactioos involved in the synthesis of the artificial sweetener
aspartama.

In the synthesis of steroid hm:Dales two ld.ms of micrci>ial
man:ip.ll.atiem had a oa'lSiderable inpact 00 the eocn:mrl.c productioo of

1 • • inthese C'IIIQJOOs: Un - ani 11<»-hydraxylatioos ani 1~tioo
the early 19508, ani the selective am efficient side cbain degradatioo
of abundant ani inexpensive sterols in the 19608 ani 19708.

In view of the effectiveness ani established therapeutic value of
the key steroid hm:Dales, ale might expect that further iJrpravements
will be made in their productioo by means of neIri ani Dm'e efficient
microargani.saB. 'lhis effort will also in::lu3e modem methodologies
sudl as dlem:Jstat m.rtatioo, prot:q>last fusioo, am :reoati>inant mA
tec,tux)logy•
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APPnmIX A

Keyoote Address

Didin S. sastrapradja
Assistant (II) Minister of state

for Research ani Tedmology

It is a pleasure an:i halor for me, 00 behalf of the Minister of
state for Research an:i Tedmology ani Olainnan of the steerinJ
cx:mni.ttee, to liIlel.cane yoo. to the c:pmin;J of this WOrkshq> 00

Bioted1nology of steroid ChrpcAJrds as O:m:raoeptives an:i Ilr:u1B. I
woold also like to extem our wann greeti.rgs to the participants fran
the united states, as liIlel.l as fran Irrlalesia, ~ will share their
invaluable koowlEd;Je, experieJXle, an:i ideas in the deliberatialS an:i
disclSSialS at this works.hq).

In Qctd)er 1983, the U.S. Natia1al Research CCA.Jrx:il ani the
Irrlalesian Mi.ni.stzy of state for !e3earch an:i Tedmology cxnvened a
synp:sium. in washinjtal, D.C. 00 potenti.al. Irrlalesia-tJ.S. collaboration
in scieJXle ani t.ec:hrK)logy. one of the priorities reo liileJ"Xied by the
synp:sium. was devel.cpinJ cocperative pl:ogLaDS in the field of
bioted1nology ani related subjects.

As a follCJW-\.1P to the synp:sium., two~ were organized by
the U.S. Natia1al Research CCA.Jrx:il ani the Irrlalesian National Research
CCA.Jrx:il in Jakarta: the WOrkshq> 00 Marine Algae Biotedmology,
Decelier 11-13, 1985, an:i the Workshq> em Bioted1nology in Agriculture,
March 13-14, 1986. At the first works.hq) various aspects of the
cultivatiem, prooessinJ, an:i marketirg of marine algae were diSOJSsed.
At the secxni works.hq) the di solSSialS focused 00 animal productioo,
with an eqilasis 00 ednyo transplantatioo, plant cell ani ti seue
culture, biological nitrogen fixatioo, an:i bic::xxnversioo of
agricultural wastes.

'!his works.hq), the third in the series, will deal with the
productioo of sitosterols fran agricultural by-products ani other
natural resan:oes, the productioo of steroid cnll~ by plant cell
ani tiSSJJe culture as liIlel.l as by fermentation, an:i chemical synthesis.
It is also expected that the disolSSions will cover the establishment
of research ani devel.cpnent pl:ogLaDS, scientific ani tedmical JDa11?OWer
trai..ni.n;J, in:iustrial awlicatioos, feasible U.S.-Irrlalesia cocperation
in this field, ani other tq>ics required for the plan of actioo.

Aba1t 45 persons were invited to this \/Orkshcp-five fran the
united states an:i 40 fran Inlalesia. 'lhey cane fran various gove.mment
research an:i devel.cpnent institutes, universities, ani state
enterprises. AocoJ:'din;J to the mat recent infonnatioo, 30 Irrlalesian
participants are present this llDmirg.
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we are aware that Inb'lesia is a newcaner in the field of D:ldem
biat:.edmology, am that there is a larg way to go before we can
actively utilize it to help~ our imustly. '1herefore, it is our
si.rrere hqle that this workshq> will produce tarxJible results that can
be used to speed up the develClfiOOJIt of biat:.edmology in Irxkxlesia.

In c:x::n::::lusiat, may I take this qp:>rbmity to officially ext.erd our
appreciatiat to the U.5. Natiooal Research CCA.1rX:i1 for its c:xnti.mJaJs
assi.st:aJx:,e an:! coc:peration, to the U.5. NJercY for Internaticmal.
DevelClfiOOJIt, to the dist:i.r¥]uishe participants, am to the Office of
the Minister of state for !e3earch am 'l'ec::t1oology, the Aqercy for the
Assessment am AR>lication of Tedmology, the sec:retaJ:y ani staff of
the Inblesian Natiooal Research CCA.1rX:i1, the organizi.n:J cx:mnitt.ee, an:!
others wno in ale way or another made this workshq> possible.

Last rot l'XJt least I wish ycu all every s..lOCesS in your di SOJSSions
am del!beratioos an:! may your stay in Jakarta be fruitful am
enjoyable.
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APPf}IDIX B

Openirg ReDarks

Margazet blner
Actin;J Director,

USAID Missioo in Irxk1lesia

'!be U.S. 1qerDJ for Intematia1al Developuealt [USAID] is pleased to
be associated with the third biat:edmology lIIOrkshq) jointly presented
by the U.S. Natia1al Research CCA.Jrx:il [NRC] am the Irxk1lesian Natia1al
Research Qulcil [mN] for several. reasalS. one reasal is the role
that USAID plays in pra1XJtin;J the CX1'lti..mrl.rg relatiooship between the
NRC am mN. we believe that this is an inportant relatialShip which
serves the pD:pOSC of brirxJin:J together sane of the tq> scientists fran
our respective ocuntries. '!his is inportant fran both a micro am a
macro pmspective. en the micro side it is significant in that the
scientists of both oamtries can share the latest in t:ed'1rDlogica1 am
scientific advaooement with the potential relative benefits that might
flCM fran such an~. '!he relatialShip is also inportant in a
macro sense in that establishment of sb:ag ties between Inia'lesia am
the united states in the scientific field has an influerx::e in
~ the existirg friemshi.p between our oountries.

When I first heard that steroids were to be the main tq>ic of
di soJSSicm at this lIIOrkshq), I had an image of athletes, as we say in
the united states, ttp.mpin:J .iJ:a1, n si.ooe as a lay persa1 the only
krxJwledge I had of steroids was its camecti.oo with brl.1d:irg athletic
capacity. I fcmd it plZzlin:J that this tq>ic had been dlosen, 00t I
assnmed that our two illustrioos scientific organizatia'lS were nn:
goin:J to be involved in pmpin:J.iJ:a1. Arxi I was proven OOJ:Lect. '!his
lIIOrkshq) is nn: ocn:m:ned with producin:J super human athletes. Rather,
it will affect an area of great interest to USAID am ale in which we
have had a l~ involvement in In:Jalesia-family pl.annirg.

'!be BUa."CSS of IrK:k:nesia's family planrrl.Jg procp:am is krx:Jwn
'NOrld'ldde. '1braJgh its detemined efforts, the crOOe birth rate
decreased fran 46 per 1,000 pcp.1l.atioo in 1970 to 33 per 1,000 in
1984. success also brin;Js prci>lems, however, am Imonesia's rapidly
expardirg family plannirg progzam requires an in:::reasin:J BUR>ly of
CXIltraceptives, in::lu:liIg oral a1IBS. '!he di.st.ribIti.oo of these has
:iJx:reased fran ~tely 1-2 millioo cycles in 1970 to aver 65
millicm cycles in 1985. With the current anticipated pcp.1l.atioo
growth, am with aver 25 millioo waoen in the chil.dbearin:J age gralp,
it is estimated that CNer 150 million cycles will be needed by the year
2000.

steroid oart:racepti.ves am drugs can now be prcdnoed imustrially
fran sitosterols t:hrcu:Jh fm:mentatioo. lot>reaver, sterols as raw
materials are relatively inexpensive because they can be obtained as
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by-products fran a nJll'ber of agricultural products am fran trq>ical
plants. O:nJiderin]' the~ of steroid cxntracept:ives in the
natiooal family plami..J'g pzogram as well as the high value of steroid
dnJ:1s, we are pleased to~ :rmonesia's efforts in producin]'
steroids fran irxtigenoos natural products. F\1rthet:Dm'e, the
inplicatiem of Inia'lesia hec:nnj T¥;J possibly self-sufficient in the
productiem of steroid oart:raoepti.ves by utilizin]' i.n1igerDls natural
resooroes fits the gcwennent's policy of reduc:irxJ iDport:s am
~ daDesti.c productiem capabilities.

tEAID is proud to be a part of this associatien. we wal1d like to
exnp.atulate both the u.S. Natiooal Research o:ux:il am the Inia'lesian
Natiooal Research oux:il em past successes fran earlier workBhq)s am
to wish you a fruitful~ in this worlcshq) en the productiem of
steroid OIlIOD'Dl for oart:raoepti.ves am dnJ:1s.
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APPENDIX c

Closirg Remarks

Didin s. sastrapradja

we have all listened carefully am di solSsed extensively the
zeport:s of the llIOl:'lcirg groups am finally heard the report of the
steerirg ocmnittee. After tlu:ee days of serialS d;solSSialS al various
aspects of steroid 0 i'IOJOOs as oantraceptives am drogs, lIIe IX:JW ClCIDe
to the En:l of aIr WOJ:'kshcp. I am very iDpressed with the results of
this meeti.rg in which all of yaJ. have successfully fOl:Dll1ated the
pat:ential. sources of steroid "i'l~ am methods of productioo. I
hqle that the results of this meeti.rg can be used as a basis for the
devel.qmant of a detailed plan of actioo for iJlple.mentatioo.

As I explained in the qleI'lirg sessioo, :Imalesia is payirg serious
attential to the devel.opuerit of a natialal capability in
biat:.ed1rx>logy. 'lhe Office of the Minister of state for Research am
Teci1oology is llIOl:'lcirg hard to faIDUlate "a devel.q:JDent strategy 00

biat:.ed1rx>logy" am is txyiIg to identify priorities for actioo. I am
therefore cawimed that the ideas fOl:Dll1ated in this WOJ:'kshcp will
0CI1t:ribJte significantly to the carpletioo of the strategic policies
that will lead to bple.mentatioo.

Q1 behalf of the Minister of state for Research am Teci1oology, I
wish to extend aIr ~iatioo to all of yaJ. for yo.Jr participatioo in
this meeti.rg, am to the u.s. Natialal Research ca.mcil, am
particularly to Mrs. Rose Barmigan, for its oant.in.laJs oooperatioo am
assi.starxJe.
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APPENDIX D

~ 15. 1986

08.30-09.00 Registratiat

09.00-09. 30 ~ cet:'erla1y
Keymte 1dD:'ess
Prof. Dr. Didin s. sastrapradja
Assistant (II) Minister of state

for Research ani Tec::!1rx>logy

0penirr;J Rlemarks
Dr. Margaret Bamer
Acti.r¥J Director, USAID Missiat in IrKb1esia

09.30-09.45 Coffee Break

09.45-10.45 Presentatiat:
Developuel'lt of steroid~ as a Raw Material
for ~, by Drs. utarto
01ai.J:perscn, Dr. SUsalo sacn>
~, Ir. sadjuga ani Ora. Dcn:Jwati

10.45-12.00 Presentatiat:
Extracti.at ani Biotransfcmnatiat SbJdias of steroids ani
~ Alkaloids fran IrKb1esian Biological Rescuroes,
by Ischak IJJbis, M. Fhann. ani Dr. SUsalo 8aa1o
01ai.J:perscn, Dr. Palis Tarigan
~, Dr. Han! lttxhtar ani Ora. Dcn:Jwati

1.00-14.45 Presentatiat:
'!he Role of Plant Tissue Ollture in RlanDacy
ani Biat:.ec::hoology, by Dr. E. Jam staba
Olai.r.pe.rsal,Dr.GustaafA.wattimena
~, Ir. sadjuga ani Ora. Dcn:Jwati



- 115 -

14.45-15.45 PresentatialS:
Productioo of steroid eatpaJrxm by FenDentatioo,
by Dr. O. K. sebek

Synthesis of steroid Oral centraoepti.ves Available in
the united states, by Dr.~ K. Kim
Qlahpersa1, Dr. Penis Tarigan
Rafp>rt:eurs, Ir. Hasni Ib:btar ani Ora. Ratna Chamra

15.45-16.00 Coffee Break

16. 00-17.00 GrcAJps oisCIJSSioo
(BI:'eaJd.D;J into three groops)

~ 15. 1986

09.00-10.30 GrcAJps oisaJSSioo (In:blesian paper
presmrt:ed in each groop)

10.30-11.00 Coffee Break

11.00-12 .45 GrcAJps OisalSSioo (oonti.nued)

12.45-13.30 lunCh

13.30-15.00 GrcAJps oisaJSSioo (oonti.nued)

15.00-15.30 Coffee Break

15.00-17.00 GrcAJps oisCIJSSioo (oonti.nued)

15.30-17.00 GrcAJps oisclJssioo (oonti.nued)
FoXDulatin:j cxn:::l.USialS ani reo iiiierdatialS of groops

~ 17. 1986

09.00-10.30 Plenary sessioo
Qlahpersa1, Drs. utarto
RaJ:porteur, Drs. Taufiq Amin
Notulists, om. Ida K\Jsnmah ani Ora. Ratna Chamra

11. 00-12.00 Coffee Break

12.00-13.00 Closirg ceraoony
- Report of the steerirg o:mnittee
- 0 Iiiletlts 00 the Wo~ by Dr. Ioblroe E. wall,

Qlaiman of NRC Panel
- RsIIarks, Prof. seclia10 Tjorxiralegoro,

secret:azy, Irxkmesian Natia1al Research camcil
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- ClosUg RsDarks, Prof. Dr. oidin s. sastrapradja,
Assistant (II) Minister of state for Research
am Technology

13.00-14.00 Lundn
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APPENDIX E

worJcs1q) Participants

S'mE:RIm a:MnTI'EE

Didin s. sastrapradja
A. M. satari
seclicnJ M. P. TjcnhuJegOrO
Qei. Ban Li.an:J
utarto
SUSOOO 5aa1o
Haryanto Ibuutirto
Rose Barmigan

~GROOPS

Sitosterol scmces fJ:an lQrlcu1tural By-ptoducts am Natural Rescuroes

Kosasih Padmawinata, 0lainDan
Ischak I11bis, Rapporteur
P. soedicpo
sutaryadi
soekeni Soedicpo
Pad1lK:n) Tj itroreksako
Arini
sadj~
Monroe E. wall
Rose Barmigan

Production of steroid Q:IrpglJ'wjs by Plant cell am Tissue c.\1lture

Gustaaf A. wattimena, 0lainDan
Livy winata Gujnawan, Rapporteur
E. Noehardi
Usep suti.sna
Gunawan Imrayanto
tJrltun;J suwahycn>
!tJdlamad Sholidrln
Puspa Tjcn:ka1egoro
E. Jam staba
Hasni M:xhtar
Dcn:Jwati
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Production of steroid Q:IJpgJJ'W by Fermentat!al orR 01emica1 Synthesis

oei Ban Li.an:I, Qlaiman
Taufiq Amin, Raworteur
Palls Tarigan
SUsax> sacmo
Triadi Basuki
sardjako
utarto
Ibrahim sastramihardja
saraswati
Hal:yanto Dlanutirto
Hyun K. Kim
Oldrich K. sebek
Ida IQ1s1DMh
Mawazwati
Ratna Olamra

Hal:yanto 1llamItirto, Qlaiman
Jana~a, secret.azy
5aW'edi
~ A. Pe!:madi.
Ern! Tit! Min'paurg
Pul:wan;iako

SUkmaya
am. Minerva
Ratna WUlan Karcm;J
Asti SUl:yani
Yessy M.¥ij iat!
Imarg Wahyurini

Margaret Bamer
carol Ccu:penter
I)wid Olristensen
HardijcnJ
Donathus Pakpahan
A. B. Van Retmes
Fdi seti.anto
M:xhtar Machful
M:xh M:xhtar
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Workshop on biotechnology o~
steriod compounds as
contraceptives and drugs.

I-

RG
137.5
.W6
1987
c.1



jharold
Rectangle




