This PDF is available from The National Academies Press at http://www.nap.edu/catalog.php?record_id=19190

Workshop on Biotechnology of Steroid Compounds
as Contraceptives and Drugs: Summary Report,
Jakarta, Indonesia, December 15-17, 1986 (1987)

Pages Board on Science and Technology for International
125 Development; Office of International Affairs; National
Size Research Council

8.5x10
ISBN
0309320690

D Find Similar Titles E More Information

Visit the National Academies Press online and register for...

v Instant access to free PDF downloads of titles from the

NATIONAL ACADEMY OF SCIENCES
NATIONAL ACADEMY OF ENGINEERING
INSTITUTE OF MEDICINE

NATIONAL RESEARCH COUNCIL

+/ 10% off print titles
+/ Custom notification of new releases in your field of interest

v Special offers and discounts

Distribution, posting, or copying of this PDF is strictly prohibited without written permission of the National
Academies Press. Unless otherwise indicated, all materials in this PDF are copyrighted by the National Academy
of Sciences.

To request permission to reprint or otherwise distribute portions of this NAHDNSIE: ’g(c:éa%h;;

publication contact our Customer Service Department at 800-624-6242.
1863-2013

. . . . Celebrating 150 Years
Copyright © National Academy of Sciences. All rights reserved. of Service to the Mation



http://www.nap.edu/catalog.php?record_id=19190
http://www.nap.edu/related.php?record_id=19190
http://www.nap.edu/catalog.php?record_id=19190
http://www.nas.edu/
http://www.nae.edu/
http://www.iom.edu/
http://www.iom.edu/

REFERENGCE COPY

FOR LIBRARY USE GuiLY

WORKSHOP ON BIOTECHNOLOGY
OF STEROID COMPOUNDS AS
CONTRACEPTIVES AND DRUGS

Summary Report

Jakarta, Indonesia
December 1517, 1986

Jointly sponsored by

Indonesian National Research Council
Government of the Republic of Indonesia

and

Board on Science and Technology for International Development
Office of International Affairs

National Research Council

United States of America

LIBRARY

National Research Council
2101 Constitution Avenue N.W.
Washington D.C. 20418

Order from

National Tethnical
Information Service,
Springfield, Va.
2216)

NOV 18 1987 Order No. 9_&2&'_}7“5’”

NATIONAL ACADEMY PRESS
Washington, D.C. 1987


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

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

1978~

oy

XY,

c

/

NOTICE: The project that is the subject of this repart was approved by the Governing
Board of the Natianal Resaarch Qouncil, whose members are drawn fram the aamcils of the
National Academy of Sciences, the National Academy of Engineering, amd the Institute of
Medicine. The members of the comittee respansible for the repart were chosen for their
special competence and with regard for appropriate balance.
This repart has been reviewad by a group other than the authors acxrding to

procedhres approved by a Repart Review Cammittee cansisting of members of the National
Academy of Sciences, the Natianal Academy of Engirmmmring, and the Institute of Medicine.

The Natianal Academy of Sciemes is a private, namprofit, self-perpstuatimg society
of distimmuished scholars engaged in scientific and emgireerim research, dedicated to
the furtherame of science and taduology and to their use for the general welfare.
Upon the authority of the charter gramtad to it by the Congress in 1863, the Academy has
a mandate that requires it to advise the federal on scientific and technical
matters. Dr. Frank Press is president of the Natianal Academy of Scierres.

The National Academy of Engimmering was established in 1964, under the charter of
the National Academy of Sciences, as a parallel arganization of artstamdimg engineers.
It is autamamus in its administration and in the selection of its members, mrixgwith
the National Academy of Sciences the responsibility for advising the federal
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aimed at meeting national needs, encarrages education and research, and rexrgnizes the
superior achievemmmts of engineers. Dr. Robert M. White is president of the National
Academy of Engineering.

The Institute of Medicine was established in 1970 by the National Academy of
Sciences to secure the services of eminemt members of appropriate professions in the
eanmination of policy matters pertainimy to the health of the public. The Institute
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congressional charter to be an adviser to the federal goverrment and, upon its own
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Thier is president of the Institute of Medicine.
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Academies ard the Institute of Medicine. Dr. Frank Press and Dr. Robert M. White are
chairman and vice chairman, respectively, of the National Resaarch Council.
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In 1986, the Natianal Research Council of Imionesia (DRN) invited
the Board on Science and Technology for Internatianal Development
(BOSTID) to join it in spansaring a workshop on the production of
steroid cappnrmis for amtraceptives and drugs in Irdonesia. This
workshop was held in Jakarta, Imdanes=ia, December 15-17, 1986.

The primary abjectives of the waorkshop were to exhange information
on and experiare in implementing biotechnological techniques to
produce steroid camtraceptives and drugs, to discuss the prospects for
the biotechnology needed to produce these sabstances fram natural
resarces, and to set priorities for an action program in this area to
enhance the natianal capability.

The rapidly expardirng family plamning program in Imdane=ia requires
an increasing supply of contraceptives, including oral anes. The
distribution of oral aomtraceptives has imcreased fram approximately
1-2 million cycles in 1970 to over 65 million cycles in 1985. Given
the current anticipated population growth and the over 25 million wamen
in the childbearing age group, it is estimated that over 150 million
cycles will be needed by the year 2000.

In the past the supply of oral aatraceptives was, to an important
extent, met by foreign assistance, but mich of this assistance is now
being terminated. Cansidering the impartance of steroid aontraceptives
in the national family plamning program as well as the high commercial
value of steroid drugs, the goverrment of Imdanes=ia decided to strive
rapidly for self-sufficiency in supplying these drugs.

Particular attention was given in the workshop to the utilization
of indigenocus natural resources. Workshop participants reagnized,
however, that total as well as partial synthesis must be adoptad to
achieve the abjective of producing the necessary steroid campamxis for
cantraceptives and drugs.

These activities were aone activity in a larger program of
cooperatlmhebmnmmmmeMmgcventh Begun in
1968, this program has featured a series of workshops on food policy,
industrial and tachnological research, natural resaurces, rural
productivity, mnpower plamning, marine algae biotechnology,
biotechrology in agricultural development, and development of a science
and technology information system. BOSTID's participation has been
sapportad in the camtext of a science and technology loan fram the

U.S. Agency for Intermatianal Development (USAID) to the goverrmemnt of
Imicnesia. The axrrent two-year program with BOSTID calls for a mumber
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of activities (panel discussions, workshops, follow-up activities, or
small advisory groups) to be organized each ymar.

GRGANIZATION OF THE WORKSHOP

This workshop was organized by a steering cammittee under the
sponsorship of the Imdanesian Natianal Research Council.

Dr. Didin S. Sastrapradja, Assistant (II) Minister for Research and
Technology and Chairman of the Natianal Camittee on the Development of
Biotechnology, opened the workshop on behalf of Dr. B. J. Habibie,
Minister of State for Research and Technology and Chairman of the DRN
(Apperdix A). In his keynote address, Dr. Sastrapradja described the
long relationship between Imdianesia and the U.S. Natianal Research
Council and its cooperative programs in the field of biotechnology and
related subjects. Dr. Margaret Bonner, Acting Director of the USAID
mission in Imdonesia, camented on the importance of these kinds of
excharges in establishing strang scientific ties between Indaonesia and
the United States. In addition, she noted that this workshop will
affect an area of long—starding USAID interest in Imdonesia—family
planning (Apperdix B).

Part I of this report is camposed of papers prepared for the
workshop. Following presentation of these papers, participamts brake
into three working groups that addressed:

1. Sitosterol sources fram agricultural by-products and natural
resources

2. Production of steroid acapouards by plant cell and tissue
culture

3. Production of steroid campamms by fermentation and chemical
synthesis.

A summary of the conclusions and recommerdations of these working
groups is presemted in Part II of this report. Part III cantains
papers prepared by various U.S. and Indanesian participants that
address the topics covered by the working groups.

On the final day of the workshop the conclusions and
recamendations of the three working groups were presentad by the
chairperson of each group. Dr. Monroe E. Wall, chairman of the U.S.
National Research Council (NRC) panel, spoke on behalf of his U.S.
colleagues about the various steps needed for Indanesia to further
develop its capability in steroid production. Closing remarks by Dr.
Sastrapradja, the workshop agenda, and a list of the participants are
included as Apperdixes C, D, and E to this report, respectively.

This workshop report was prepared by Rose Bannigan of the BOSTID
staff using papers written by the Indanesian and NRC workshop
participants. The papers have been edited to eliminate duplication,
but they accurately reflect the discussions. The final draft was
reviewed and approved by the members of the NRC panel and the
Indonesian organizing camittee. Sabra Bissette ledent, BOSTID
cansultant, edited the report. The participants would like to thank
the members of the workshop secretariat for the excellent arganization
of the workshop.
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PART 1

Presentations
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USE OF STEROID DRUGS IN INDONESIA

Oral antraceptives play an important role in the family plamning
program run by the Natianal Family Plamning Coordinating Board (BKKBN)
in Indonesia, although a variety of other cantraceptives are also
available. The BKKBN family plamning program distributes cantraceptive
devices at no charge, thereby daminating the distribution of
antraceptives natianally. Those abtaining cantraceptives fram the
private sector must, of course, pay for the devices—including services
and controls—themselves. This balance will change gradually in the
future, however, because goverrment sperding will be limited. It is
expectad that the distribution of free contraceptive devices will
decrease, while the distribution of partially subsidized amd fully
agmercial drugs will increase.

Unfortunately, the ability of Indonesians to purchase
cantraceptives is still limited, making the overall situation of the
family plamning program a gloamy one. Obtaining help fram abroad
through grants or soft loans may still be possible, but heavier
govermment expenditures must be avoided. All these factors will
urdoubtadly lead to the development of family plamning activities in
the private sector, especially among privileged cammumnities such as
those living in the cities, and to the urgent need to produce the raw
materials for oral camtraceptives, thereby saving foreign exchange as
well as creating new sources of incame and new jobs.

In the past, oral amtraceptives for the BKKBN family plamning
program were largely acquired through grants from abroad. 2As a
consequence, the kinds of pills abtained depended on such factors as
which countries were willing to give a grant or loan for the program,
what types of pills were available in those countries, and whether the
pills provided and those who used them were campatible.

It was largely because of these factors that the first oral
contraceptives distributed in Indanesia by the family planning program
were Noriday 50 (considered a high-dosage pill) and Ovostat
(distributad on a limited basis). These factors also explain why
Noriday has been mamifactired locally by Kimia Farma since the early
1980s.

Copyright © National Academy of Sciences. All rights reserved.
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More effective loe<dsage pills with fewer side effects are now
being distrilated, but the family plamning program found that the shift
fram high- to lowdasage pills was not as easy as egectal because of
hxgetim problems. The most difficult praoblem, however, was that
asumers were hesitant about changing their usual amtraceptive for a
new ane. The family plamnirg program is presently using two types of
lowdaoeage pills, especially among new participants. They are
levamrgestrel 150 micro/Eth estradial 30 micro and desogestrel 150
micro/Eth estradiol 30 micro. The latter drug, mamifactured by
Organan, is known as Marvelan. It is being used by the family plamning
program through a grant fram the Dutch goverrment.

In 1985-1986, the BKKBN family plamnimg program distributad the
following contraceptive devices: IUDs, 34 percent; oral
cantraceptives, 43.9 percent; injection drugs, 14.2 percent; candams,
3.5 percent; and others, 4.4 percent. The injection drugs used by the
famllyplammqpmgramomsistofsmmids Thus, 58.1 percent of the

ves distributed are based on steroids, exnl\xdinqNaxphnt
(susuk KB) .

Injection drugs are surprisingly well acceptad by participants in
the family plarning program, and use of these drugs is increasing fram
year to year. The daminant drug distributed is Depo-Provera
(Upjohn)—about 8 million vials per year. Its active imgrediam is
mEdraxypragesterare acetate. Narethisterare enanthate, another
injection drug, is also being distributed, but in smaller quantities.
The weakness of this drug is that it is a kind of oily solution with a
shorter interval of injection (one manth).

The family planning program is also using Norplant, a recent
invention. A plastic needle containing levamrgestrel is planted
subdermally in the hand for a time-release of five years. About 20,000
units of Norplant are used each year, making Indanesia the largest
ansumer of this kind of device.

DEMAND FOR RAW MATERIALS FOR STEROID PRODUCTION

Projectiaons of the furture needs for oral ard other aartraceptives
based on steroids (taking into account the future emphasis on
loodasage pills) are shown below. The projected first-stage demand
for raw materials for steroid production follows:

Contraceptive Projected needs

Noriday 50 20 million cycles/year
Norminest 10 million cycles/year
Micragynan 40 million cycles/year
Marvelon 40 million cycles/year
Depo~-Provera MPA 10 million cycles/year

Norplant 20,000 units

Copy.right © National Academy of Sciences. All rights reserved.
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Raw_materijal Projected needs (ka/vr)

Nurethindrae 400600

Mestrarol/Ethynl estradiol 80-100

Levanargestrel 150

Desayestrel 1,500

The demand for these materials will prubably increase 5-10 percent
each year.

VARIOUS RESEARCH ACTIVITIES

The first seminar on steroid campouds for cantraceptives was
arganized in June 1981, under the spansorship of the BKKBN. The
participants included speakers representimg various foreign campanies
such as Schering, Organan, Syntex, and Gideon Richter, as well as a
nmber of egerts fram the Natianal Institutes of Health (NIH).

Several local participants reported on their research aimed at
findimg suitable precursors, similar to these of diosgenin and
solasadine.

A team from Bogor Agricultural University (IPB), who conducted a
survey on the possibility of abtaining Djoscorea with a high diosgenin
antent, also reportad on their progress at the seminar. Subsequently,
theytepcrfaianegatlvemltforﬂmxsurvey

Finally, another team of researchers, headed by Prof. Oei Ban
Liang, reportad on experiments on the culture of Solamm khasjamm. An
analytic methad was used to measure the solascdine content. In the
meantime, the results of experiments on Solanum marginatum and Costus
spp. have also been reported.

In the years following the first seminar, researchers have focused
on finding soaurces of sterols in the agricultural wastes produced in
Indanesia. For example, Iubis and associates have successfully
identified and isolated sitosterol fram pressmidd (sagarcane waste) with
a axtent of 0.32-0.83 percent. Further study must be urdertaken to
determine the econamic value of this resaurce.

Ancther possible source of sterol is the oil abtained fram soybean
processing. This possibility must be studied in terms of its econamic
value, however.

The application of bioctechnological processes to the transformation
of sitasterol to ADD (ardrosta-1,4-diene-3,17-dione) is a breakthrough
that dramatically changes the conventianal symthesis process and alters
the pattern of the steroid imdustry. Because production of ADD fram
dicsgenin via the conventianal method involves many stages, that method
has been abamdanead. Nevertheless, staroid precursors such as diosgenin
and solasodine are still useful for the production of corticosteroid

using a synthesis process.

Copyright © National Academy of Sciences. All rights reserved.
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INDUSTRIAL EFFORT

Since the 1981 seminar, many foreign campanies have been contacted
to explore cooperative efforts and the transfer of technology in the
area of axtraceptives. Same campanies have shown great interest in
the matter, while others have been reluctant or even refused to
partxcipate to maintain their own self-imterests,

Kimia Farma has adopted a strategy to gain cnoperation in praducimg
a staroid cntraceptive within the stage of forward integration
activities. This will be followed by an effort to handle the hacksard
integration activities step by step, while also gainimg the technology
and trained manpower needed to mamifactire sitosterol, diosgenin, and
solasadine, for example.

The first calaulations have shown that the "transfer price" of
products mamifactured locally (that is, in onoperation with foreign
campanies using their technological capability and expertise) is
135-400 percent higher than that of products that can be bought on the
world market. Such a high price results fram ecaonamies of scale and
the transfer price of the starting materials or other intermediates.
On the ane hand, the transfer price must be borne by the project in
favor of Indanesia receiving this technology. On the other hand, too
high a price cannot be tolerated. This prublem must be faced in
participating in a joint venture for a sophisticated techmology. It is
therefore time to look for ways to develop our own technology using
chamnels of scientific cpoperation and an excharge of experience as
well as knowledge.

This process will take a lang time just to establish, and from a
business perspective this may mean losing good opportamities. It is
hoped that this workshop will provide the necessary input as well as
mrentim to motivate the development of steroid campmurds in Indanesia.

Copyright © National Acadgmy of Sciences. All rights reserved.
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Ischak Iunbis and Susano Saono
Canter for Research in Biotechnology,
Indonesian Institute of Sciences

INTROUCTION

Many raw materials and precursors used in the mamifacture of
valuable drugs are derived fram plants. The impartamce of plant
products in the pharmaceutical imdustry has became even greater since
the successful mamifactire in the early 1960s of the steroid drug
diasgenin, a plant steroid then abtained from Dioscorea and later fram
other plants as well.

The incorporation of bioctransformation by microorganisms or by
tissue culture has significantly imrreased the economic prospects of
exploiting various plant products to produce useful drugs. An
important example of this trend is the application of the micrabial
transformation of phytosterols into amirustane-3, 17-dione (AD) and
ardrosta-1, 4-diene-3, 17-dione (ADD), important imtermediates in the
mmfactire of axtraceptive drugs. Because microbial transformation
is mxch more efficient than the chemical synthesis originally applied
in the imdustrial mamifactire of cantraceptive drugs from diosgenin,
and the raw materials needed are relatively cheap, the micrabial
transformation process is preferred. Much attention has thus been
given to searchirg for possible sources of suitable phytosterols (that
is, stigmasterol and sitosterol) and potential strains of
microorganisms for the transformation.

In a process first imtroduced by Schering AG, soybean waste after
0il extraction has served as an inexpensive source of stigmasterol amd
sitosterol, but other sources may be available. Thus, oil-producing
plants as well as a number of agricultural wastes alandantly available
in Imdonesia mist be e@minad as possible samrces of sterols. It is
also necessary to select potamtial micrabial strains capable of
transforming sterols into steroid drug imtermediates, particularly AD
and ADD.

Other important drugs of cansiderable econamic and therapaartic
value are the morphinan alkaloids (codeine, morphine, papaverine),
which are praduced coammercially from Papaver samiferum. Abuses of
narcotic alkaloids for naommedical purposes have, however, made it
necessary to put strict controls on their production. It would thus be
ideal to devise a method for producing the alkaloids morphine and
codeine from momnarcotic starting materials.

-7 -
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As total synthesis is cbviously impractical and expensive, the
search for plant pradxts usable as prenmxsars for the synthesis of
adeine and mrphine has been attamptad. In this camection, stidies
on the anrrenxse of retimiline, an isoquinoline alkaloid freguently
faund in Ammonaceae, and on its chemical axversion, have been reparted
by various investigatars. Using nomarcotic salutaridin as a key
intermediate, researchers have now established the symthetic patimay
inbothsana Recemtly, our institute isolated salutaridin fram an
Imdonesian plant, leadimg us to explore the possibility of using this
alkaloid for the production of cadeine and marphine. The main prablem
is transfarmimg the salutaridin into thehaine, fram which codeine and

can then be prodxed by known chemical processes. If this
could be achieved, there would be no need to cultivate
samiferum, and the abuses of the opium and its nmarcotic alkaloid would
be drastically minimized.

QIRRENT RESEARCH PROGRAM
Sciemtific and Ecanamic Justification

The synthetic patlsay of various steroid drugs, including oral
atraceptives, has been established. Commercial application of this
synthesis has been improved from time to time, especially after the
utilization of micrabial transformation to produce the major
imtermediates.

AD and ADD are the primary intermediates for the production of
contraceptive drugs. If these intermediates can be praduced
camercially, the eubsaquent pracesses to produce the desired staroids
will be mich easier. Thus, the main prublem is the production of ADD
fram a suitable sterol as premmsar. Because B -sitosterol is one of
the most widely distributed phytosterols, the availability of this
starol fram local plants should be determinad, as well as the
anrrexe of sitosterol in certain agricultural wastes. Primary
attention has been given to the sugarcane waste pressmid, as sagarcane
production is an important agricultural imdustry in Indanesia. The
econanic value of sugarcane will be enhanced even further if sitosterol
is abtained as an additicnal by-product.

The availability of sitosterol from sgarcane waste in this
country, coupled with the application of micrabial transformation,
wauld be an effective approach to starting industrial production of
steroid drugs, especially oral aamtraceptives. Self-sufficiency in the
production of contraceptive drugs will in turn save foreign exxhange
now used to import contraceptive campourds.

Experiments have been carried out to isolate sitosterol fram

abtained fram sugarcane factories in East Java. Extraction
methods have been compared to find the most efficient method. A
greater yield of purified sitasterol was abtained from raw material
previously fermented (by kipsen in water) to destroy waxes and
proteinous amprards.  Using this method (see Annex A to this paper),

Copyright © National Academy of Sciences. All rights reserved.


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

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

-9 -

620 mg of sitosterol was abtained fram 75 g of dried fermented pressmad
(about an 0.83 percent yield). Further stixiies are still needed,
however, to increase the yield. Possible steps include improving
fermentation of the pressmx and applying a locally available
extraction solvent such as acetane which can also be pradced fram
molasses. It is hoped that the prodiction of sitosterol fram exgarcare
waste can be carried aut irexpensively.

A prel iminary stady has also been caductad on screening micrabial
strains for the transformation of sitastercl into AD and ADD. As many
as 3,000 strains have been testad, but further experimentation is
necessary to find the potemtially effective micronrganisms. This
research will focus on strains abtained from culture collectians or
natural habitats, including Arthrobacter, Bacillus, Brevibacterium,
onynebacteriym, Myocobacterjum, Nocardia, Seryatia, and Streptamres.
Collabaration with other institutes is abviously needed to achieve the
desired results in the shortest possible time.

In addition to the selection of effective arganisms, studies on
fermentation conditions will be anducted for most potemtial strains to
abtain the qvtiml yield of biocmversion. A stamdard chemical
analysis using highqpresaare liquid chre®eagaphy (HPIC) will be
employed to monitor the process.

The possibility of synthesizing morphinan alkaloids from the
ramarcotic alkaloid salutaridin seems to be within reach of present
chemical or biochemical knowledge. Symthesis of salutaridin to
thebaine is expectad to cansist of only a few steps, thus facilitating
industrial production. Isolation of salutaridin fram a native plant
(using leaves) involved column chramaragraphic separation and
crystallization fram benzene. A yield of 0.28 percent was abtained
fram the leaves, and as this native tree produces abundant leaves, the
alkaloid cantent would be sufficient for possible commercial
exploitation. (A detailed report of the isolation and characterization
of the alkaloid is given in Annex B to this paper.)

PLANNED SHORT-TERM RESEARCH PROGRAM
Sitosterol for Steroids

As of fiscal year 1987-1988, plans include canductirng studies on
the extraction of sitosterol from sxgarcare waste, its
bioctransformation by microorganisms, and fermentation conditions to
achieve optimal conversion of sitasterol into AD and ADD. Studies will
also be carried ocut on the sitasterol aamtents of other agricultural
wastes, especially palm oil residue, and of other oil-producing plants
suchasgm__;gwhld\mnbeqrwnmpoorsollsmthmuuml
mimenance. The program on contraceptive and steroid drugs is
expectal to yield sufficient data for initiation of a semipilot- or
pilot-scale experiment within two to three years.
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Plant Cell and Tissue Qulture for Crop Improvement
and Secondary Metabolites Prodixction

Stidies on how to improve both the productivity of fruit crops and
products of medicinal value will be caductad by employing plant cell
and tissue culture tacdniques. Low productivity and pest and disease
sensitivity are problems afflicting Indonesian agricultural
camodities, especially fruit crops. The problems ercoamtered in
utilizingplantmareﬁxela:gmyperiodmuizedforcnp
improvenet® using caventicnal techniques and the low production of
vauable campaards. It is hoped that the improved quality of the fruit
crops selected for stidy in the caming fiscal year will ircrease
productivity enbstantially.

To achieve the research goals described above, all imterestad
research warkers fram the various research institutes, universities,
and related imhstries must join together as an integrated team to
urdertake these stidies. It is eqgectad that this workshop will
provide the oppartamnity to work out the basic mechanism of cnoperation
amang the imterested instituations.
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INTRODUCTION

Sitosterol is one of the most widely distribated phytosterols of
the higher plants. Found mostly in small quantities, sitasterol and
other major phytosterols (stigmasterol and campesterol) may occur in
cerfainlegmneardlatmc-pmducimplants such as Euphorbia and
Calotropis, in relatively greater concentrations.

The axurremce of sitasterol in higher plants recently attracted
attention when Schering AG introduced the imustrial microbial
anversion of sitosterol into steroid intermediates AD (amirastere-3,
17-dione) and ADD (ardrosta-l, 4-diene-3, 17-dione) for the mamifacture
of cantraceptive drugs. Soybean waste after oil extraction has served
as a amercial source of sitasterol for this process. Because
sitosterol abtained fram soybean waste is very inexpensive, this
phiytosterol has becane a major prenmrsar for steroid production. In
searching for other possible commercial sources of sitostercl,
researchers are focusing on certain agricultural wastes, especially the

19 million tans in 1984. Thus, it is cbvious that the sagarcane
imustry is producing abumdant umused pressmad. If sxgarcane waste
anstitutes 5-10 percent of the total biamass, the umsed residue would
amount to 1-2 million tans armmally. It would then be useful to
investigate the phytosterol cantent of pressmad.

This paper on the extraction yield of sitosterol from
pressmid using the medified method developed by S. K. Srivastava et al.
(1985) .

MATERIALS AND METHODS

Pressmyd with a 70-80 percent water catent was abtained fram a
sxarcare factory in East Java. Ebctractimvrdsmnaibyri:smg
the dried pressmid (with and without previous fermemtation treatment)
in water in a scaled bottle for five weeks. The treated sample was
then dried at 80°C and ground into a fine power of which 100 g was
refluxed with a mixture of benzene, petroleum benzene 40-60, and

-12 -
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etharolic 2N KOH (10:5:1) for 12 hoaurs. The extract was then distilled
under reduced pressure and the concentrated residue reflued for 30
mimrtes in acetanitril (2 x 50 ml), which was decantad while hot.
Aftar stamiirg overnight, the precipitated white product was filtered
and purified usimg hot iscpropanol.

A yield of 0.036 percent (100 g yielded 36 mg of sitostercl) was
achieved using dried unfermentad pressmxd. Fermafation of the
pressmx, however, resulted in an 0.83 percent yield (75 g yielded
620 my of sitastarvl).

QNCLIUSTION

It can be cancluded fram these results that the sugarcane waste
pressmxd is a potemntial source of sitosterol. Moreover, it was proven
that fermeftation of pressmud increases the yield of extractiaon.
RAurther imrovamst of the extraction tachnigues used as well as
utilization of an inexpersive solvent (such as acetane abtained fram
molasses), are now required.
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ANNEX B

Mamifactire of Codeine and Marphine fram Salutaradin,
a New Alkaloid fram an Indanesian Plant

Ischak Iubis and Setijati sastrapradja
CQartar for Research in Biotechnology,
Imdonesian Institate of Sciences

INTROOUCTION

Morphine and axdeirne—the major alkaloids of Papaver
egmifengr—are quite valuable medically. The production and
distribution of opium and its morphinan alkaloids are under strict
inmtermatianal controls, however, because abuse of these alkaloids for
narmedical purposes can pose a serious health threat. This problem has
stnnnatedattmptsto;mﬂmnmmmebymeansofmtaland

cmﬂntusemmmﬂcmnﬂsasapmr.

Reticuline, an isoquirdine alkaloid, is widely distrituted among
members of the Armcnaceae family of f.mplcal plants, which are commonly
fourd in Imdonesia. Biosynthetic studies of the Papaver samniferum
alkaloids have revealed that reticuline acts as a natural prenmrsaor
(Battersby et al., 1964; Bartan et al., 1965; Waddel and Raprpart,
1985). It was also evident fram radiocactive labeling that reticuline
was amvertad into salutaridin by a selective axidative coupling
(paraortho of the A and C rings). Salutaridin was then amvertad into
thebaine fram which cndeine and morphine can be

'merevalatlmttatzetimlnxemnbeusedforthes;mﬂmm of
morphine has stimilated studies on in vitro axidative coupling of
reticuline using various oxidative agents. It has been found, however,
that in vitro canversion of reticuline into salutaridin is not very
efficient, giving only a 0.03 percent yield (Hewgill and Pass, 1985).
It would be more practical to use salutaridin, not reticuline, as the
potemntial precursor for the synmthesis of codeine and morphine.

The axurrence of salutaridin was first reported in 1985, when it
was found in Qroton salutaris (Euphorbia) growing in Brazilia at
2,000 m above sea level. Studies by the Qemnter for Research in
Biotachnology on the alkaloids found in the Armonaceae family in
Imionesia revealed that salutaridin is foud in one species that is
widely distrilutad in the forests in Sumatra and Kalimamtan.

This paper briefly describes the isolation and identification of
the alkaloid salutaridin. It is the first report of the amrreme of
salutaridin in Armonaceae.

- 14 -

Copyright © National Academy ef-Sciences: All rights reserved. —_ —



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

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

-15 -

ISQIATION AND IDENTIFICATION OF SALUTARTDIN

In this eamination of salutaridin, 300 g of dried powder of leaves
were extractad, usimgy 2 1 of 95 percent alcohol axttaining 10 percent
concentrated ammonia. Extraction was performed at 70°C for two
hours, and the extract was filtered thraxgh filter paper (this was
repaatald three times). The alcdholic extract was then cambined and
concentrated to about 50 ml with a rotary evaparatar. The residue was
dissolved in 50 ml HC1l IN, and the solutian was then defatted with
petrolamether, made alkaline (pH = 8.5) with ammonia, and shaken with
chloroform (5 x 150 ml). At this point, the cambinaed chlorofarm
extract was concentrated imto a viscous liquid, which was esparatad by
colum chramtographly on alumimm, using benzene and benzere=ether
mixtures with ratios of 9:1, 8:2, 7:3, 6:4, and 1:1 subsequently as
eluents. Benzene-ether mixtures of 8:2 and 7:3 gave a single spot an
thin-layer chramatograpllyy. These mixtires were then cambined and
anxcemntrated, and a fine crystalline needle (melting poiﬁ,
206-207°C) was abtairen. Spectral analysis (IR, H MR, *°C NMR)
and mass spectroscopy revealed that the alkaloid was salutaridin,

m.
ilyigldof 0.28 percent was achieved in this study—that is, 300 g
of leaves yielded 850 my of salutaridin.

QINCIISION
The disrovery of salutaridin in armonacenams plants in Indonesia may

' source grown legally in
certain countries. The role of salutaridin as a biasymthetic
intermediate closer to thehaine than reticuline.should be explared to
determire the possibility of using salutaridin as an artificial
preamrsar. If it is found that salutaridin is aamvertible to thebaire,
then codeine, and saulsapently morphine, can be abtaired by known
chemical symthesis. This would serve as a breakthraxgh for the
pharmacartical industry and it would minimize drastically the abuses of
opium.

REFERENCES

Bartan, D. H. R., et al. 1965. J. Chem. Soc. 2423.
Battersdy, A. R., et al. 1964. J. Chem. Soc. 3600.

Bewgill, F. R., and M. C. Pass. 1985. Aust. J. Chem. 38:497.
Waddel, T. G., ard H. Rapoport. 1985. Phytochem. 24:469.

Copyright © National Academy of Sciences. All rights reserved.


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

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

Copyright © National Academy of Sciencge_s. All rights reserved_._


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

PART II
Oonclusions amd Recammendations


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

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

Copyright © National Academy of S(_:iences. All rights reserved.


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

on Biotechnology of Steroid Compounds as Contrace,|]

Workshop
/www.nap.edu/catalog.php?record_id=19190

http:/

SITOSTERDL SOURCES FROM AGRIQULIURAL BY-PRODXCTS
AND NATURAL RESOURCES

Potemtial Major Sources of Phytaosterols

The following major potamtial sources of mixed phytosterols are
available in Imdanesia. Not all of these sources will be practical,
but all are available in sufficient quantities to be cansidered for use
on an imstrial scale.

Saurce By-product

Sugarcane Pressmxd

Palm oil 0il, kernel, presscake, fiber
Pearuts oil,

Coconurt 0il, presscake, fiber
Rice Presscake, rice bran oil
Qottan Seed, presscake, oil
Cejba spp. Seed, presscake, 0il
Ricinus spp. Presscake, oil

leucaena Seads

Soybean 0il, presscake

Pinug (pine) Tall oil

Of these sources, palm oil and saxjarcane will receive the highest
priority. In the case of the palm oil, major estates already exist and
will be eqardad. In addition, more are plamned in the near future.
It is expectad that within five years Imdonesia will be a major
producer of palm oil.

In the case of sxarcane, 19 million tons of biamass are produced
anmially. The pressmud fraction, which is known to camtain sterols and
is arremtly discarded, represents 5-10 percent of the biamass
produced, or 1-2 million tons anmally.
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Analysis
Analytical Methads

Nonsaponifiable Fractions. The major campaunds of interest in the
projectad studies will be found in the mon=apanifiable fraction of the
various plant materials or oils. The initial material will be abtained
therefore after evaparation of a solvernt (diethyl ether, petroleum
ether, or methylene chlaride) at a low temperature (35°C-45°C)
under vacuum. The residual material will be treated with methanolic
KOH (or NadH) usi.rq a standard procedure, refluxing for a specific
time. After cooling, the methanolic solution can be diluted with water
and extracted with diethyl ether, petroleum ether, or methylene
chloride. 'meactraamnbedriedbyslnkirqwiﬂxamydxmssodim
sulphate and then partially concentrated, diluted to a specific volume,
and stared under refrigeration in the dark. Precaution mist be taken
to prevent leakage of vapors and a possible fire hazard. Glass,
plastic, or rubber stoppers should be used.

The nonsapanifiable fraction is anmalyzed as follows. An aliquot of
ﬂ)eruxsapanfiable fraction is cancentrated to dryness under nitrogen
using a suitable vial (plastic must be avoided), derivatized with a
reagent, and the vial is tightly sealed. It is then warmed acording
to stamdard pracedures for trimethyl silylation of sterols. An
appropriate aliquot is amalyzed using standard procedures ard an
intermal stamiard—for example, cholesterol. Fram the weight of an
aliquot of the original extract and that of an aliquot of the
ransapanifiable fraction, ane can calculate the percentage of
rmasapanifiable fraction in the plant or oil or the percentage of
sterol in the nosapanifiable fraction.

Altermatively, an aliquot of the na=apanifiable fraction can be
analyzed by high-pressure liquid chrumatograghy (HPIC) using the same
intermal stamdard (cholesterol) described above for the gas
chramtogadly (GC) procedures. Appropriate normal or reverse phase
colums can be utilized.

Tacopherol can be quantitatively determined colorimetrically by
HPIC or gas liquid chramatographly (GIC) as TMS ether.

Carotene can be determined in an aliquot of the nansapanifiable
fraction (Wall methad) by column chramatographly and, after
concentrating to a cavenient volume, it can be determined
colorimetrically at 450 nanometers.

m 'Ihe objective of a study cn the isolation and puriflcztlon of
phytosterols fram various plant sources would be preparation of a
purified phytostercl fraction aataining at least 80 percent sterol,
predaminamtly sitosterol. The scale should evertaally be sufficiently
large (that is, using at least 3.2 1 of o0il or 1 kg of seeds) so that
same realistic projections of yields can be made.
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The following procecures should be established for a crude sterol:

oil. 'mecar‘ugateste.mlsalsoed:mdaifrmplant

materials will yield another fraction of crude sterol. In

this case, procedures would simply be scaled up fram the

analytical methads described in the preceding sectians.
o

m mtable lan;e atsarpt.\cn columm usin; either
florisil or alumina or silica gel can be studied. Various
chramtographic fractians should be collectad, using solvent
of imreasing polarity. All fractions should be analyzed for
sterols and other potemtially useful camponents as described
in the preceding sections on analytical methads. Although
this method may not be imdustrially practical, the information
abtained will be valuable.

o Short path distillation. Sterol and toocopherol fractias fram
the nonsapanifiable fraction can be readily separated fram
lipids and higher molecular weight. The concentrated steroid
fraction abtaired can then be crystallized.

o Sovbean sluddge method. Detailed procedures for the treatment
of soytean oil have been published. The methad includes a
daxiarization treatment followed by staam distillation. When
it is carried out on a large scale, an invaluable
slulye—sametimes called soytean "foots"—is produced and
collectad. The sludge is further treated using existing
methads,

Effects of location, Seasan, and Variety on Phytasterol Qomtent

It is well known that both the yield and the camposition of seeds
ard their correspanding oils are affectad by many factars. These
include geographic location (seashore, marmtains, etc.), altitude,
soil, fertility canditions, climatic canditions (rainfall,
temperature), and season.

Seads, o0il, and presscake should be collectad during the
appropriate time periods. Where possible, data on climatological
factars, soil, and other conditions should be collectad as well.

Proposed Program
One of the key features of Irdanesia's strong program of family

plamnirg is the decision to produce steroid aamtraceptives fram
Indonesian plant resamrces. Presently, a reasanably successful program
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is under way for the production of solasadine fram Solamm. Solasadine
can be axnvertad to ADD (androsta-l, 4-diene-3, 17-diaone) by well-known
chemical methaods. In the United States and Western Rirope, methods are
available for amverting sitasterols to ADD in ane step an an
industrial scale.

Imdanesia has a large mmber of plant sources, particialarly palm
oil anrd saxarcane (pressmud), fram which large amounts of sitasterols
can be extracted. Detailed information on the sitasterol cattents of
these and other oils available in Imdanesia and methods for large=scale
isolation are needed. A decision can then be made on whether
sufficient sitasterol fram Idanesian sources exists for axversion to
ADD using a fermentation

'memmsttyofstateforxaaseazdxarﬂi\admologyshmldactas

coordinating agency for this program.

Plan of Action

The resairces listed in first section above should be analyzed for
sterol cantent according to the proposad established standard

The following institutions should participate in this program:
Banhimg Institute of Technology, University of Padjadjaran, Bogar
Agricultural University, Airlangga University, Gadjah Mada University,
Bioctechnology Research Camter (Indanesian Institute of Sciences),
Agency for the Assessment and Application of Technology (BPP
Teknologi), and Kimia Farma.

Each institution should be represerted on a aordinating board
which will be respansible for research plamming and allocating fundimg
and facilities (equipment) to the participating institutions.

At the initial stage of the program an inverntary should be made of

the angoing research, availability of equipment, and research
capability in terms of trained

Research activities should include clear targets within a five-year
period. The first three years would be devotad to analysis and
laboratory-scale isolation and the last two years to scaling up
experiments on extraction and axwversion.

A periodic evaluation of the overall progress should be canducted
at the end of the fiscal year, at which time each institution should
submit an anmial report.

Sufficient funds should be allocated the first year to make
available at least ane gas chrumatograph, one HPIC, and ane short-path
still for all participating institutions, as well as the general
laboratory glassware and chemicals needed for the tasks described here.

It is egectad that U.S. institutions actively engaged in steroid
reseaarch and development such as the Research Triangle Institute (RTI)
will provide short-term training for the Indanesian scientists
participating in this project.
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PRODUCTTION OF STEROID OOMPOUNDS BY PLANT CELL AND TISSUE QULTURE
R&D and Prodhuction

Assuming that Indonesian sources of solasadine and dicsgenin fram
plants are campetitive an the world market, it appears that the best
plant sources are: (1) Solamum spp. (Solamm khasinaum and Solarnm

), and (2) Qostug or Dicocorea. Comparative agronomic and
critical analytical data should be developed to select the Sgolamam
species to be grown in Imknesia and its most suitable gegraphic
location.

Plant cell and tissue culture systems can be used for the
propagation and improvemett of field-cultivated plants. Oollection
problems (tharmy leaves) and plant disease may be associated with
Solarm species. Plant tissue culture is useful for micropropagating a
Solanm clane of a plamt selectad fram the field that aatains, for
exanple, a desired mrphology, solasxiine content, or disease
resistarxe. Plant cell amd tissue culture systems can also be used
directly in the laharatory to select improved Solamm plants with the
desired morphology, solasaline comtent, disease resistance, and stress
tolerance.

A Solanm tissue culture systam subjectad to substrate, mrtrition,
growth regulator, and stress stidies may be used to urderstard
solasaline pradixction or impartamt steroid biotransformation processes.

Plant cell amd tissue culture systams will also be useful for
developing a cast-effective methad for in vitro production of
steroids. Presently, the production of steroids using plant cell and
tissue culture is not caost-effective.

Finally, improved coardination and cammmication are needed among
participants in the research and development of a steroid production
program.

Manprwer Development

Critical steroid analysis is needed. Qompetent personnel for
GC/HPIC are now available in Irdanesia, but there is a critical
ehartage of instruments, dependable electrical power, and supplies
which should be correctad as soon as possible.

The minimm mcleus of persamel needed for plant cell amd tissue
ailture bictechnology is presently available in Imdanesia. Additianal

are needed for all aspects of work in plant cell and tissue

culture bioctechnology, including plant improvement, suspension culture
ard scale—up, biotransformation, and germ plasm camservation.
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U.S.-Irdanesia Qooperatian

Qxaparative programs could be established on crop improvemst and
axservation with the universities of Colarado, Flarida, Tennessee,
Mimesota, and Wisconsin, amd the U.S. Departmermt of Agriculture, and
on suspension culture, scale—up, and biotransformatian with Qamell
University, University of Termesee, State University of New York, and
University of Mimnesota.

Imionesian govermment and U.S. funds must be acquired to sappart
labaoratory trainimy amd to abtain supplies, etc. Persamel sent abroad
should receive support to visit U.S. laboratories and to attend U.S.

natianal meetings.

FRODUCTICN OF STEROID CCOMPOUNDE
BY FERMENTATION AND CHEMICAL SYNTHESIS

This group first identified several classes of steroid compards
such as aartraceprives, carticosteroids, anabolic agents, diuretics,
and androgens, that must be produced domestically. The group felt that
priority should be given to camtraceptives, corticnsteroids, and
amdrogens, but not necessarily in this arder.

The group also discussed the various patlways in the production of
the three classes of steroid campamds, and determined the manpower,
equipment, and anmial operatianal budget needed to carry out the
program. An agreement was also reached on same aspects of where the
programs should be implemented.

Recamerdations

It is recamended that efforts be made to produce the following
steroid capamds as quickly as possible:

o Cantraceptives: ethynylestradiol, mestranol, morethimirare,
rorethindrane enanthate, levanargestrel, medroxypragesterare
acetate, and desogestrel

o Corticosteroids: prednisane and prednisolone, cartisane and

hydraxnreisane, and dexamsthazane
o Androgens: testosterane and testosterae—like compamds.,

The production of these steroid aampamxds should be carried out
according to the following pathways:

o Total synthesis for levanorgestrel (Figure 1) and desogestrel
(Figure 2).
o Partial symthesis fram sitasterol to morethimirae and the
estxugens (Figure 3).
o Partial symthesis fram steroid eaprgenimns to
ercre acetate, carticosteroids, and androgens
(Figure 4).
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OH OH OH .
{1) Chemrcal O. HO
FSO,H O‘ BH, )
MeO camphar  Mg() Me0™

(2) Microbial 3

A ———

1Y Me, S:04 (1 TSA
3 2 .
MeO 2) HC Me0 MeO
1) Birch reduction
) e ]
L . TSA
SH
1
0
H,C
H
1
1) Raney Hickel (j H LiC = CH
§= . —_— N2 _—
</S 2} Hd "H‘?
ENHz
OMF or DMSO

Desogestrel

FIGURE 2 Synthesis of desogestrel fram D-138-ethyl-3-methaxygana-1,3,5
(10) -trien-178-0l, a prenrsar of D-(-)mrgestrel,
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FIGURE 3 Partial symthesis of 19-nor steroids and the estrogens fram
sterols.
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FIGURE 4 Partial symthesis of medruxypragesterare acetate (MPA),
testaosterae, and cortiaosteroids fram steroid saprgenins,
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To initiate the program, sitastarcl and optically active trienol
should be imparted; 16-DFA could be prodxed damestically. The
micraarganiams needed to carry aut the micrabial conversions could be
atainad fram established stock culture collections ahroad.

The followirg persamel will be neadad to carry aut the three
patilsvays: Ph.D. degree holders, 3; M.S. degree holders, 3;
tachnicians, 9 (3 x 3); and adninistrative persamel, 2.

Table 1 lists the equipment needed for the program described
here. An investment cost of US$1 million is anticipated. The armmal
budget for operation, including ca=mumables and equipment maimtenance,
would be US$500,000.

TABLE 1 List of Equipment Neaded

Equipment Number

Rotary vacanm evaparatar set (1 liter)
Rotary vacanm evaparator set (10-20 liters)
Freeze dryer

Sanmple dryer, vacnm and heater

Sample dryer, vacum, dessicator

Artamtic water distiller and demireralizer
Oven dryer

Oven dryer and incubator

Freezer and refrigerator for samples
Freezer dryer-lyphophilizer

Arner for glass blowirg

Air caompressar for glass blowing

Fraction collectar

Semipreparative fraction collectaor

[WYWIFN

Thermolyne heating mantles, sizes 50, 100, 200, 1,000 ml

Vacam pump

Micro melting point apparatus (Thamas-Hoover capillary melting
point apparatus models 6406K and 6406H)

Aurtoclave

Magnetic stirrer and heater

Micrascope

Microscope, polarized

KBr pellet maker and presser

Aspirator, motarized

Water aspirator set

=
OURRKRNNRFRE NAONUIRRRRERPUORRRRERBERRRRPR
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Cool Ace cooler 2
Stirrer bars, many sizes 20
Column (glass), large, medium, and smll sizes 20

Separatary furmel, many sizes
Presauare equalizing fummel, various sizes

Heaavy aurty mixar amd blender 1
Water purifier for ultra pure 1
Incubator/ehaker 1
pH meter 1
Cool roam storage 1
Gas chramatograph (GC) + accessories (Flame Ianization

Detector, Thermal Conductivity Detactar,

Electron Captare Detactar) 1 set
Gas tuber for N,, H), He, Ar, and Mamooetar 4
Air pump, autamtic for GC 1
Chramatopack for GC recarder and processor ) §
High-performance liguid chramatograph (HPIC), gradiemt,

cooler, and heater 1l
Miscellanecus columns for HPIC
HPIC column packer ard column epparts
Enpty colum for GIC
Thin-layer chromatography package 10
Column chromatography package 10
Iarexchamge chramtagraphy package 1
Empty glass column for GIC
Infrared spectrancter 1
Artamatic polarimeter 1
HPIC scamner 1
UV-Vis spertraphotameter 1
Fersanal computer and printer 1
Tape recxrder 1
Camera and accessories 1
Glass vessel ard apparatus 1
NMR 100 MHz spectrameter with 13C amd 1H 1
Dreiding stereamodels (Rinco Irstruments Co.) 1 set

NS Steq 1N the 15856 20 +9 (o . ata H
Adapters (pp. 1584-1588) 50
Pyrex gas washing bottle (pp. 1606) 10
Gas caderser bottle (pp. 1606) 5
Qondensers (pp. 1634-1636) 15
Desiccators (pp. 1639-1640) 10
Drying units (pp. 1641-1642) 3
Distillation equipmernt (pp. 1645-1649) 3
Aldrich All-in-One Glassware kits (p. 1649) 2
Filter fumels (pp. 1653-1656) 25-50
Variable-speed motor 10
Variable transformer 16
Extraction thimbles (p. 1663) 100
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Flash-vacnm thermolysis (p. 1664) 1 set
Davar flasks (p. 1674) 10
Flow meters (p. 1676) 3
Flow imlicatars (p. 1677) 10
Gas accessories (pp. 1683-1686) 10
Gauxges (p. 1687) 10
Diazald Kit for the safe preparation of diazamsthare

(p. 1716) 2

Corning Organic Chemis€ry Glassware kits (p. 1720) 1
Microscale arganic labaratary glassware (p. 1721) 1
Lubricants for stirrer 10 jars
NMR sanple tubes (p. 1728) 5

NMR tube cleaner (p. 1729)

pH papers
Photaxchemical equipment (p. 1734) 1 set

Eye protectars (p. 1747)
Protective clothing (p. 1748)

Stirrer blades, Teflon (p. 1758) 20
Stirrer bearings and shafts (pp. 1758-1759) 20
Stoppers (pp. 1760-1761) 100
Sublimation equipment (p. 1763) 1
CQlamps 50
lattice suppart systems (pp 1764-1768) 10
1ab jacks (p. 1770) 25
Thermmeter with ground joints (pp. 1782-1783) 10
Volumetric ware, cylinders (pp. 1806-1812) 100
Parr Nydragenation apparatus (both low and high pressure) 2
Thermmeter 10
Snap-an all-parpose lab tool set, 95 pieces (214,864-4) 1 set
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PART III

Warking Group Papers
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Status of Raw Materials for the Productian
of Oral Qatraceptives in Indanesia

Monroe E. Wall
hemistry and Life Sciences Division Group,
Research Triangle Institute

INTRODUCTION

This paper describes the current worldwide status of a variety of
steroid sources for the production of steroid harmones, and it relates
this information to the status of any sources of steroids that may be
available in Indonesia now or in the future.

About 35 years ago the U.S. Departmert of Agriculture (USDA), with
special congressional fundirg, initiated a program that was samevhat
similar to that now under way in Indonesia. The United States wished
to establish sources of steroids for the production, initially, of
cortisane, and later of cartraceptive steroids, imdeperder® of foreign
sarrces. This author was in charge of the chemical studies and worked
closely with botanists and apaxmists in the USDA Plant Introduction
Group. Over 6,000 plants were investigated. Same of this experience,
including same of the mistakes, may be useful even at this time, same
35 years later. Thus, much of the following is based on the experience
qained in the USDA program.

RAW MATERIALS

Steroid Sapmgenins

These canprards are almost always found in nature in the form of
steroid conjugates in which the steroid (usually at the 3-hiydroxyl
position) is linked to a mmber of sugar molecules. The free sapgenin
is usually liberated by acidic hydrolysis (Wall et al., 1952), but
plant or fungal enzymes can also crry aut the hydrolysis (Krider and
Wall, 1952; Krider et al., 1954). Indeed, this is often the way
hecogenin is abtained from sisal juice.

The structure of sapgenins and the plants fram which they are
derived are shown in Figures 1-3 and Table 1. Hexxgenin and diosgenin
are the only steroid sapmenins in commercial production at this time.

Hecogenin
In an extensive survey, haxgenin was found in many Agave species
growing in arid regions of narthern Mexico and the samwestern United
- 35 -
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Typical Structure of Steroidal Sapogenins

CH3

v
t
H

30 R' = H, Sarsasapogenin

Hecogenin
II, R=H, R' = CH3. Smilagenin

FIGURE 1 Typical stnxture of steroid sapgenins.

states(AnzaxaaxﬂNavMeanco) Haogenin was usually the predaminamt
sapryenin, at times mixed with its 12-desaxy analogue tigogenin.

Adave gisalana, a plant with thick, long (3-4 feet) leaves grown
for fiber, camtains various concentrations of haxxgenin. In cur
aqxerietnettuesaminaxwentmsusnnylow,orozmm
(moisture-free basis). During fiber production, however, a huge volume
of juices ard wash liquids are abtained. In a large sisal operation
atserved by this author many years ago in Haiti, such liquids were held
in luge tanks, and an insoluble sludge containing hecogenin could be
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Ac

Ac
Diomgenin
Pseudodiosgenin Acetate
' €170
C
3 CHy
c=0 I
C=0
4]
&\‘J?
[+
)f“ 2}a
OH
¢ - HC(CHJ)-
Ac |
Ac HpCOAc
16-Dehydropregnenolone
Acetate

FIGURE 2 Degradation of diasgenin via pseudodiosgenin acetate to
l6<dehydropregrerolone acetate.

Order
Liliales

Family
L

Liliaceae Azaryllidaceae Dioscoreae
Genus Gerlus Genus

Agapanthus Agave . Dioscorea
Chlorogalum Manfreda

Nolina

Smilax

Yucca

Trillium

FIGURE 3 Botanical relatianships of sapmgenaceocus plants.
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TABLE 1 Steroid Sapogenins and Plant Sources

A/B  bomevizm Typiaal
Name Fusion at C2S Substituents Plant Souree
Sarxacapogenin B neo J8-OH Y. Bacata
Smilogenin B o  J8-OH A. lecheguilla
Markogenin B neo 28, 35(OH) Y. schidigers
Samogenin [ iso 28.38(OH): Y. arnermana
Willagenin B neo J8-OH, 12 CO Y. flifera?
Mexogenin B o 28.38(OH), 12 CO Y. achorti
Neotigogenin a neo 38-OH A sinalana
Tigogenin a iso 38-OH Y. poninaulars
Citogenin a iso 2a.38(OH): A. shotti
Sisalagenin a neo J8-OH, 12CO A simlana
Hecogenin a iso 38-OH, 1200 A simlana
Manogenin L3 iso  2a,38{OH)k, 12CO A nelsmii
delta®-Hecogenin a ° iso Jy-OH, 2% 12 CO A.ncsmii
Qhlorogenin a iso 38 8a-OH): - Qhlarogalum
Digitogenin a iso  2a,3,i{OH: Digitalis
purpurea
Yamogenin at neo J§-OH D. bartlerdi
Dnsgemn a -iso  38-OH D. compasita
Yuragenn &t iso  2a, 38{OHh Y. Glamentosa
Kammogenin a8 iso  2a,38{OHk. 12CO Y. flamentosa
Ceotrogenin » fso  Jp(OH), 1200 D. spirnlifiore
Carrelbgein » meo 38{(OH), 1200 D. spicnlifiors

abtainad from the enzymatic hydrolysis of water-soluble saponins to
insoluble saprgenins. The solids were recovered by cemtrifugation.
Only ane campany, Glaxo in England, utilizes hecogenin, which is
abtainad as a by-product of sisal fiber production in East Africa. The
sapogenin is amverted to a cortisane analogue in a camplex, miltistep
synthesis.
Hecogenin is not useful for the production of cartraceptives
however, andmmialsxsalpmch:ctxminhﬂmesiaislimibed

Sarsasprmenin and Smilagenin

Sarsaspmenin is found in many Yucca species, which grow in the
same generally arid habitats of morthern Mexico and the southwestern
United States (almost idemntical smilagenin is found in Agave

in Texas). At one time the Indians native to these areas
used the plants for detergents and for fiber.

Although the sapmenin cantent of the various yuoca leaves is not
high, rarely exeeding 1.0 percent MFB, this author found very high
concentrations of saponin in the seeds—fram 6 to 12 percent (Table
2). This is indeed a reasanable startimg point for steroid hormone
production, if sufficient plant volume is available.

Sarsasapogenin was readily extracted in sizable quantities and
converted to 16-dehydro-5 -pregnenolone (Table 3). Although the
process was a technical suress, a profitable price for the saprgenin
or its 16<dehydromiegradation product could not be abtained from
pharmaceutical campanies. Similar 16~dehydro steroids from smilagenin
found in Agave lechequilla also turmed out to be not viable
ecanamically. The lessan to be learnad is that starting materials such

as sapmenins, or imtermediates such as the 16~dehydropregrenes,
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TARIE 2 Sapogenins Obtained from Seed Saponins

Species Location Sapxyenin, $ MFB
Yucca arizonica Sarthern Arizona ~ Sarsasapogenin, 12.0
Yucca baccata Superior, Arizona Sarsasaprmpenin, 6.8
Yucca brevifolia  St. Gearge, Utah Tigogenin, 8.0
Yucca mohavensis San Diego, Calif. Sarsasapogenin, 6.6
Yucca schotii Fort Huachuca, Ariz. Sarsasaprmgenin, 4.9
Yucea spp. Sauthern Arizona Sarsasapogenin, 4.5
Yucca spp. Sanora, Mexico Sarsasaprgenin, 6.2
Yucca spp. Giiluala, Mexico Sarsasaprgenin, 7.9

TAHRIE 3 Key Featires and Plant Sources of Sapagenins fram Which
16D is Deriwved

fram
Which 16D is Derived Key Featiires Plant Sources
Disagenin, A5 Dioscorea macro-
yamogenin stachya, Compositae
floribunda
Gentrogenin, 45, 12-keto D. spiculiflora
correllogenin
Herxxxggenin 5q, 12-keto Mary Agave,
A. sisalana
Smilagenein 58 A. lechequilla
sarsasamrgenin 58 Many Yucca,
Y. schidigera
Tigogenin Sa Many Yucca, same
: Aqave, Y. penin-
sularis

Willagenin 58, 12-keto Yucca filifera
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camot normally be sold at profitable prices. It is necessary to
proceed to production of the final useful steroid hormonal drugs.

Diosgenin and Solasaxdine

The pianeerimgy effarts of Russell Marker almost 50 years ago
resulted in dicsgenin revolutianizing the steroid hormone imustry.
Diacsgenin, which is found worldwide including Idanesia, ocamrrs as a
sapanin, dioscin, in the tubers or the rhizames of many Dioscorea
species. In Mexico, tubers growing wild and of uxertain age have been
found to axrtain 5-8 percent dicsgenin (MFB). The diasgenin content of
Imionesian Dioscorea is usually much lower. The rhizames of various
species of Qostus, which grow well in Imdanesia, have been found to
caatain fram 1 to 3 percent diasgenin.

From whatever source, diasgenin has great versatility. Tius
progestarae, and thereby certain orally active progestarae analogues
such as Provera, can be derived fram the readily abtained
l16<deydroprageEmolone (Figure 4). Altermatively, the well-developed

iy f‘: i’:
C=NOH C=0 C=0
16D-Oxine 16-Dehydropregnenolone Pregnenolone
Progesterone
?’3
c=0 o
-1
1
Androstenolone

Es trldiol J

CO Compound §

Testosterone
19-Nor Compounds - \

17a-08 Derivatives

I'

Corticoids

FIGURE 4 Structure of pragesterare.
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microbiological hydraxylation of pragesterare leads to aartisare and
marny other useful corticasteroid hormanes. In still another direction,
16~d=hydropregnenolone, by a straightfarward chemical route, can be
axvertad to the useful C-19 steroid hormone prenirsar
dehydroisoamirasterane (IHA). [HA can then be axmvertad to the
impartant 19-nor steroids and estrogens, which are components of many
cotraceptive drugs (Djerassi, 1976).

Solasadine is a steroid alkaloid found in a mmber of Solamm
species that can be grown in Imdonesia. Berries or fruits of
S. Xhasianum and S. laciniatun have solasodine cantents up to
4 percent. The chemistry of solasodine after side chain degradation is
identical to that of diocsgenin (Figure 5).

Plant Sterols

Until the early 1970s, diasgenin fram Mexican sources daminated a
large sectar of the steroid hormone market. Restrictive practices by
the Mexican govermment, however, led to a search for other sources.

In the United States, enormmis quantities of soyteans are
for the oil and residual meal. Soytean oil aantains about 0.34-0.38
percent total sterols of which sitosterol anstitutes about 53 percemnt
and stigmasterol 23-24 percent (Gutfinger and Letan, 1974). Several
billion bushels of soybeans are produced each year in the United
States, and almost all the soybean crop is processed for oil. A sterol
mixture is ane of the by-products of a treatment normally used to
refine crude soytean oil. This mixture is sold commercially and can be
further processed by a camplex aamteraurrent solvent treatment to
yield 95 percent pure stigmasterol and 80 percent pure sitosterol,
suitable for further fermentation to C-19 steroids.

Other sarces of sitasterol include tall oil, a by-product of paper
mills using pinewod, sagarcane wastes or oil, rice oil, and palm oil.
Nane are in cammercial use, nor have the processes for aobtaining the
sterol econcmically been worked out in detail.

FIGURE 5 Structure of solasodine.
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Stigmasterol

It has been claimed that 400,000 kg of stigmasterol are available
fram U.S. sarces. This steroid is readily amvertad to progestaerane
(Figure 6), and campares favarably with the process using dicsgenin.
Unless soybean oil is available on 4 large scale, stigmstarcl camnot
be casidered for Imdonesian use. PRerhaps the crude starol mixture
could be purchasad cheaply as a starting material. stigmstarcl is one
of the major steroids used by the Upjohn Qumpany for symthesis of
pragesterae and thus corticnsteroids and the oral cartraceptive
Provera.

~ _~COCH
HO
Stigmasterol Rydroxy-bis-nor-cholenic Acid
o, s,
=0 C=0
-
BO 0
Pregnenolone . Progesterone

FIGURE 6 Qversion of stigmasterol to progestarane.
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Sitosterol

Sitosterol is an ubiquitous plant sterol found in virtually all
plants and plant parts. Until the late 1960s and early 1970s, this
sterol and the equally ubiquitous animal sterol cholesterol could not
be used for steroid hormone praduction. Almost similtanecusly various
U.S. patents (Kraychy et al., 1972) and a paper (Marsheck et al., 1972)
appeared on anvertirg sitosterol or cholesterol as well as other
sterols to ardrasta-1, 4<diene=3, 17-dione in good yields using a
particular strain of Mycobacterium or, altermatively, another
Mycobacterjum strain to form androst-4-ene-3, 17-dione (Figure 7). As
will be shown in later presentations, these comxanrxis are versatile and
easily cavertible to 19-nar steroids or ring A aramatic steroids.
Thus, they are excellent sources for axmtraceprive drugs. Aldosterane,
a steroid diuretic, can also be prepared fram such sources (Djerassi,
1976).

C,H

725 2/(2113
CH CH (CH,)
CHy ~~ P 3 2°3 \CH
CHZ CH
L]

CH3

HO

Sitosterol Cholesterol

\ Myobacterium sp. NPRL-3863,3805
. o /

FIGURE 7 Microbiological caversion of sitasterol to
androst-4-en-3-one.
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FUIURE PLANS

which steroids and plant sources should be selectad for further
study in Imdonesia, leading to the praduction of contraceptive drugs?
It is evidemt fram previous studies that the sapogenin content of most
plants arremtly found in Imdonesia may be too low for econamic
production of the starting steroid. Problems with cultivation, such as
disease or tharns in the case of Solamum, have also been encramtared.

On a lang-range basis, the marked advances in biotachnology, which
are appearirg with increasing rapidity, may be useful. For example, if
the genetic pattern of Dicscorea could be altered to abtain
high-yielding, disease-resistamt strains that give yields of at least
5 percent in two years, econamic production might be possible. On the
other hand, a high yield could perhaps be abtained by cell culture.
Similar questions apply to the Costus and Solamm species. While
advances in biotachnology make such suggestions less wild than they
would have been 30 years ago, implementation of these suggestions would
still require at least 5-10 years.

It is also time to begin large labaoratory-scale, and then
pilot-scale, stidies of the canversion of diosgenin or solasaline to
16<¥hydropregrerolone and thereby to androst-4-ene-3, 17-dione. For
this purpase, sufficient starting material for the isolation of
diosgenin could be collected or purchased. For sitosterol and
cholestarol, Indonesian sciemtists could cammence fermentation
studies. Both of these areas, which should be pursuad intensively,
will require trained chemists and micrabiologists.
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Fotemntial Natural Sources of Sitasterol

Kosasih Padmawinata and Soediro Scetarno
Bandiing Technolgy Institute

INTRODUCTION

Early steroid production relied initially on the extraction of
naturral harmones from animal sources and, later, on partial symthesis
fram cholestarol. It was not until the 1940s, when Russell Marker
ehowed that steroid eapgenins abtained fram plants, in particular
diasgenin, were well suited to the preparation of certain hormanes,
that a cheaper raw material emerged. In 1944, Syntex, the company
founded by Marker, began the production of progestarae fram Mexican
sarxces of dimsgenin. At that time there was still no large market for
sex harmaones, but in 1949 the action of cartisone in suppressing the
symptams of rheumatoid arthritis was discovered, thus requiring the
praduction of large amoumts of cortisane.

In the late 1950s, techniques were developed that everntually
allowed stigmsterol, a camponent of soybean oil, to be utilized.
Finally, the further development of micrabiological methods resulted in
the utilization of sitasterol in 1976 ard the reemergence of
cholestearol in 1978 as prenmrsars (Qoppen, 1979). This paper describes
potential natural sources of sitosterol.

FRECURSCRS FOR PARTTAL STEROID SYNTHESIS

Most steroid drugs are made by partial synthesis fram suitable,
naturally acarrring prearrsors. In 1944, progestarae was produced
fram diosgenin. Stigmasterol fram soybean oil is used for the
production of corticasteroids, as are hecogenin fram Agave and bile
acids fram animal sources. Recent developments in the steroid industry
have led to the commercialization of certain microbiological processes
that now enable such preamrsors as sitosterol fram soybean and
cholesterol fram wool grease to be used.

The main prenrrsors used in the production of steroid drugs are
ghown in Figure 1, and examples of routes to the corticasteroids and
oral cxr®aceptives are given in Figures 2 and 3.
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FIGURE 1 Prodxction of steroids (tons diasgenin equivalent).
Reemergence of cholesterol in 1978 is not shown.
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FIGURE 2 Routes to the corticmsteroids.
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FIGURE 3 Main routes fram sterols to products.

STEROLS

Sterols, the most widely distribated group of steroids in the plant
kingdam (including algae, fungi, and higher plants) commonly occur as
mixtures of sitostarol, campesterol, stigmasterol, and other sterols.
The exact camposition deperds on the source. Any utilization of
sitosterol or stigmasterol requires therefore a readily available
source and a means of separating the desired sterol from the other
sterols present. The increasing comtribution of the sterols to the

production of steroid drugs and contraceptives is shown in Figure 1.

Sterols as a By-product of Imdustry

Sitosterol and stigmasterol, utilized in the present production of
steroids, are by-products of soybean oil processing. These sterols are
axttained in the monsaponifiable matter of the oil. Most fatty oils
antain 0.1-2.0 percent nonsapanifiable matter.

The major oils and fats prudaced worldwide are shown in Figure 4,
and the nonsapanifiable cantents are given in Table 1. The production
of soybean oil will have doubled by the year 2003, although its share

Copyright © National Academy of Sciences. All rights reserved.
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will remain 22 percent of total oil production. Palm oil production
will irrrease fram an armual production of 4.5 million tans for the
period 1978-1982 to about 21 million tans for the period 2003-2007.
The praduction of other oils will also ircrease. These oils, whose
by-pradixts are not utilized, should be cansidered.

Namsapanifiable matter catains various sterols with different
campositions, but of those sterols present only sitosterol and
stigmasterol are utilized after they are separated using aamterarrremnt

1978-1982 2001-2007

T Sarva

Fatees oael

Lt angd
Tavire &

meauwey 15% Lintdepn

pimve i) ol
vl ol 1R

Average annual procduction:
56.2 million tons Crnroin &

P \een 0its Hiwr ad & feliet RS
™

Average annual production:
104.5 million tons

FIGURE 4 Shares of total production (percent) of the major oils and
fats, 1978-1982 and projection for 2003-2007.
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TABIE 1 Percent of Namsapanifiable Matter of the Major Oils

Nasapanifiable Matter
oil Plant (percent)
Coconrt Cocos nucifera 0.2
Pearart Arachis hvpogaea 0.5-0.9
Palm Elaeis guineensis
Corn Zea 1.5-2.8
Rapeseed Brassica 1.5
Soybean Gycine max 1.3-1.5
Qttasmesd  Gossypium hirsutup 1.1
Sunflower Belianthus 0.3
Almond Prumis amvadalus 0.75
Olive Qlea eurcoaea 0.4-1.0
Sesame Sesaman indicum 0.9-1.3

crystallization. Figure 5 shows the camposition of soybean sterols,
and the isolation scheme of soybean sterols is given in Figure 6. This
isolation methad could be adaptad to separatiaon of the sitosterol
axrtained in other oils.

Tall oil, a Dy-pradixct of the pulp inmdustry, also contains
sterols. It has not been utilized because it is fourd in relatively
small quantities. Yet another source of sterols is pressmd fram the

sgarcane imustry.
Sterols fram Higher Plants
The sterol carmtents of various plants have been published. One
example is the sterol camposition of the seeds and mature plants of the
Qucaurbitaceae family (Akihisa et al., 1986).
Criteria for the evaluation of these sources of sterols—such as

technical feasibility, availability in Imdonesia and abroad,
universality, and economical feasibility—mst be established.
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FIGURE 5 Composition of soybean sterols.

Copyright © National Academy of Sciences. All rights reserved.


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

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

-5] -
Soy Beans
Crude Soy 0il
Deodorization
Edible oil Deodorizer Sludge
Crude Soy Sterols Vitamin E

Fract. Crystallization

Stigmasterol Sitosterol
and

Accompanying Sterol

FIGURE 6 Isolation scheme of soybean sterols.
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The Role of Plant Tissue Culture in Pharmacy and Biotechnology

E. Jahn Staba
College of Pharmacy, University of Mimnesota

Canvincing evidence exists that 50 percent or more of cur drugs
originate fram micraobial products and the higher plants.

Unfortunately, many in the technologically advanced countries believe
natural product research to be unimpnrétant (Staba, 1985) .

Plant tissue culture (PIC) refers to the in vitro cultivation of
any plant part, whether a single cell, a plant tissue or organ, or an
entire plant, under aseptic conditions. The technique is sametimes
used to replicate and micropropagate plants more efficiemtly for field
cailtivation. It may also be used to develop new plants with improved
qualities, such as disease or herbicide resistance or an ability to
grow in brackish water, and to improve a plant's chemical camposition.
Simply put, the dbjectives are to improve the time required to grow
plants and to improve them for field cultivation.

Micropropagation is used routinely and profitably in the ornamental
imustry to praduce large mmbers of orchids, carmations, and ferns; in
the lumber imdustry to reforest lard with eucalyptus and pine; and in
the specialty crop business in Malaysia to praduce palm oil, in South
Anerica to pradice pyrethrum, and in India to praduce glycyrrhiza. How
this is acramplished by the PIC technique is briefly summarized in
Figure 1. R

The PIC technique is also used in the in vitro production o
biochemicals, with the aim of eliminating the need to use cultivated
plants to abtain epensive biochemicals and the need for special
climatic conditions. To date, only two cammercially successful PIC
systems have been developed for this porpose—doth in Japan. These
systems produce an expensive cosmetic dye, shikanin, and ginserg
ginstnosides.

It is importamt to recoxmnize that many types of plant tissue
caulture are cansiderably more camplex and difficult to grow than
micronrganisms. To undertake plant tissue culture, a part of the plant
is explantad and grown aseptically on a simple, defined agar medium
that caontains small concentrations of growth regulators such as
2,4-dichlorophempyacetic acid. If canditions are favorable, the
explant will form a mass of unorganized cells known as callus. These
cells may be undifferentiated; in many ways they resemble tumar cells.
If these cells are transferred to a liquid medium, they will
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FIGURE 1 Plant tissue culture systems.
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grow as either small or large cell aggregates. They may be subcultured
every few weeks, and they are often maimtained for indefinite periods
of time. Aggregates of cells have been grown in cammercial fermertars
axtaining 20,000 1 or more of medium. Such cell aggregates are often
genetically and chemically variable, but they sametimes produce
significant ammts of biochemicals such as rosemarinic acid

(15 percent) and diasgenin (7 percemt). )

Plant argan cultures are more stable genetically than callus
cultures, but they are more difficult to grow in large growth systams.
Plant explants grown aon a basal medium artaining indoleacstic acid
often form root cultures, while those grown on a medium containimg
benzyladenine form shoot cultures and those grown on a medium
antainimg selectad ratios of growth regulators form embryoids
("artificial" seeds) (Walker, 1986). Callus cultures can also form
these same argan cultures when grown properly. Normal embryoids, root
organs, shoot argans, callus, and even single plant cells can reform
into a normal plantlet. The ability of a single plant cell to reform a
normal plant without fertilization is known as totipotency. Organ
ailltures sametimes praduce secondary products more efficiently than
unorganized cells—for example, cardenolides fram embryoids, pyrethrins
fram shoot cultures, and scopolamine fram root cultures. Root argan
cultures have been used to study alkaloid production for decades. As
long ago as 1965, a patent was issued to the Merck Co. (West Germany)
to produce sermndary projects fram root argan cultures. More recently,
camercial concerns have been growirg plant tissue cultures using the
root-inducing micraorganism Agrobacterium rhizogenes to produce
secandary products, Shoot argan or meristem cultures are most often
used for micropropagation praesses. Embryoids coated with gels are
being used in the United States for "artificial" celery seed production
and in Japan for the cammercial production of ginsergy glycasides.

Special strategies are sametimes used with plant cell aggregates to
increase their yields of biochemicals—for example, selection of cells
or organs for high production rates; development of a biomass medium
for maximm growth and a production medium for high yield (two-step
process) ; use of elicitors for stress induction; and use of immabilized
cell systams. Elicitors are mitritianal, hormonal, taxic conpmaads or
enviramental changes that trigger imrreased production for reasans
that are largely unknown (DiCosmo and Tower, 1984).

Traditianal strategies involving control of the growth phase (most
often the statianary phase), pH, prenurears, and envirorment must also
be studied and used where appropriate (Sahai and Kmth, 1985). The
anversion of nomseful into useful chemicals in plant tissue culture
has also been studied. This is exemplified by the conversion of
digitoxin into digoxin by digitalis cell aggregates.

It is possible to make proutoplasts fram aseptic explants of pollen,
leaf mesophyll cells, and cell suspension aggregates. Protoplasts are
plant cells whose walls have been dissolved by pectinase, cellulase,
and hemicellulase enzymes. These cells are still living, however, and
they will reform their cell walls in a mmber of hours. Nevertheless,

while they exist as protoplasts they may be grown with Aqrobacterium
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tumefaciens microarganisms which bring into the cell important coded
plasmid INA for, perhaps, disease resistance, improved resistance to an
unfavarable enviroment, imrreased product production, or new product
praduction such as swesteners, proteins, or antibiotics. Because the
pmtn;ﬂastistota.putent it can be regenerated into plants that, it is
, retain the new attribute as well as the desirable old

attributs. Plasmid amplification, chrame=are integration, and
retention are desired. It is also possible to fuse two protoplasts
fram different plant species to praduce a new, improved plant.

Protoplast technology is difficult. Interesting experimemntal
results and plants have been atained fram genetic engineering or
fusion studies, but none, exept enviramental selection fram potato
protoplasts, have been introduced cammercially. The future of PIC must
be viewed with optimism, however. As ocur knowledge of plant physiology
and function ircreases in parallel with biological system develocpment,
we will see more successful cammercial processes (Collin and Watts,
1985; Klausner, 1985).
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The Cantribution of Plant Cell and Tissue Culture
to the Production of Steroid Campaunds in Indonesia

Gustaaf A. Wattimena and Livy Winata
Bogor Agricultural Institute

The potential of plants to serve as a source of raw material for
the imdustrial production of steroids is undeniable, despite the fact
that many countries have abarmdaned this source. Dioscorea floribunda
fram Mexico was used for 20 years before it was replaced by other
sources in 1974. This was attributad to an unstable supply and the
agricultural situation in Mexico. Solamum laciniatum, another plant
considered for steroid production, faced the same prablems. In fact,
in Hungary the project in this area was dropped given the climatic
canditions there and the econamic condition of Hungarian agriculture
(Kovats and Richter, 1982).

Indonesia is rich in plant species, which are distributed over its
many islands. Apart fram Dioscorea and Solamum, Costus spp. have also
been found to contain diosgenin. Iubis (1982) reported that the seeds
of Costus speciosus cantained 3 percent diosgenin and the tuber 1.2
percent. These percentages are still not adequate, however, when they
are subjectad to a cost-price analysis. Because manipulation of plant
growth using the culture technique will not necessarily result in an
improved serndary metabolites comtemnt, systematic breeding programs to
improve the comtent of active material should be a priority.

Conventiaonal breeding programs have technical problems and require
generations to achieve a certain quality. An alternative appruach is
use of the plant cell and tissue culture method, which is more rapid
through manipulation of cells and molecules. An in vitro breeding
program should also aim to improve plant architecture and other
agronamic characteristics suited to improving cammercial plantations
for Costus spp., Dioscorea spp., and Solanum spp.

Use of the plant cell and tissue culture technique in producing
secondary metabolites may not look pramising at the mament, but it will
be beneficial over the long term. Secondary metabolite production can
be irrreased manyfold by manipulating the culture medium campanent
(FGR, precursor, mutrient), incubation envirorment, and cell growth and
differentiation.

Based on the availability of plant species, their envirammental
adaptability, experience with plant cell ard tissue culture, and
available facilities, work on Costus spp. should rank first, followed
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necessarily apply to tissue culture work on producing secondary
metabolites.
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Synthesis of Steroid Oral Qontraceptives Available
in the United States

Hyun K. Kim
Cantraceptive Development Branch,
Center for Population Research,
Natiaonal Institute of Child Health and Himan Development,
Natiaonal Institutes of Health

INTRODUCTION

Scope

This presentation reviews and summarizes the best synthetic
methodology of steroid oral aamtraceptives aurrently marketad in the

United States. iews of steroid oral gmtzaoeptl were repoxted
earlier by Bri Rex Colton and Kli DJerass1,¥al;rill,

Gold et al., uus;ra Payne and Green,’ Petﬁw,s

Pincus and Merrill,® Velluz O% and Windholz and Windholz.

Thus, this pxesent.atlm w111 be confined to the most efficient partial
synthsis of several 19-nor steroids, and the total synthesis of
rorgestrel, which is axrently available in the United States, amd two
steroid estragens, ethynylestradiol (EE) and mestranol (MEE).

Historical Develocmment

The basis for the design of steroid contraceptive agents dates back
to the beginning of this century when corpus luteum extracts injected
into various animals were found to prevent ovulation. In 1934, the
active campunent of the corpus luteum was isolated and its structure
elucidated as pregn-4-ene-3, 20-dione (progestercune). Progesterane (I)
is only slightly active, however, when administered orally. A gore
active, preferablx orally active, product was therefore needed.

1944, Ehrenstein“ at the University of Pennsylvania reported the
multistage transformation of the cardiac aglycane strophanthidin (II)
to an oily mixture of stereocisamers of "19-rorpragesterane (III)" in a
0.07 percent yield (Figure 1). The purpase of this work was to remove
the angular methyl group, C-19, attached to position 10 of
progesterane, and to examine the effect of such a structural change on
progestational activity.

The chemical steps involved isamerization of three asymmetric
centers (positions 17, 14, and perhaps 10 in III). This appeared
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Sh

I1
12 step synthesis

L

11T R=H
IV Re=CH

FIGURE 1 Ehrenstein's campoand.

unfortimate, however, since it had been shown earlier t even
inversion just at C-17 abolishes biological act:ivity.1 It was most
surprising, therefore, to find that this oily material showed the same
progestational activity as pragesterane i f Pramptad by these
unexpectad biological results, a Swiss group™” undertook the
synthesis of 14-iso-17-isopragesterare (IV), since its wrang

at C-14 and C-17 mimicked that of Ehrenstein's campound
(ITI) and it seemed canceivable that inversion of the sterecchemistry
of pragesterare at both C-17 and C-14 could have been respansible for
the biological activity of Ehrenstein's substance (III). The pure
crystalline 14-iso-17-isapragesterare (14 g, a17-pregn-4-ene-3, 30—dione)
(IV) was found, however, t:obei.nact:iveindc:ssupt:::10mg.:l
Thus, the other possible speculation was raised: the z?noval of the
C-19 angular methyl group could have played a key role.” This
initial ab=ervation of very high progesterane-like activity for a
19-nor steroid was of great significance since it stimilated further
research imterest in this area.

A breakthraxgh in tgg synthesis of 19-nor steroids came in 1949
when Birch and Mukherji*~ reported that the 3-glyceryl ether of
estradiol could be convertad to 19-nortestasterore by means of sodium
or potassium in liquid ammonia via the 1, 4-dihydro derivative,
followed by hydrolysis with mineral acid. A major_j ement in the
Birdxred\mtimvasdiscoveredbywildsarﬁNelsonl who used the
3-methyl ether of estradiol instead of the 3-glyceryl ether, and who
used lithium in place of sodium or potassium in liquid ammonia for this
reduction (Figure 2). The Birch reduction offered therefore ready
access to many 19-nor steroids.
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1. dil. MeOH, KOH -
(CH3)ZSOA
2. LiAlH,

@

v

CH O Li~EtOH
3 VI M. (1)
\4 »
OH oH
(cozﬂ)2 H,0
0~ CHO
VIII Wet VII
HC1 H
H,0
H
CrO3
—_—

X

IX 70-77% overall vield

FIGURE 2 Modified Wilds-Nelsan Birch reduction.

Djerassi and his cr:wor)cets,l-"18 working in the labaratories of
Syntex S.A. in Mexico, first applied this improved Birch procedure to
prepare crystalline 19-rorprogesterane (XIII) of natural canfiguration
fram 178-acetyl-3-methaxyestra-1l, 3, 5 (10)-triene (XI), which differed
fram the natural hormane (I) only in the replacement of the angular
methyl group by hydragen, at C-10 (Figure 3). This substance was found
by injection to possess a progestatiacnal activity four to eight times
greater than that of proges *engemthestardardClaubergzatbitassay
for endametrial proliferation. Thus, it became the most potent
progestaticnal agent known at that time.

Even though 19-rorprogesterane showed cansiderably greater
progestational activity than natural progesterane, 19-rortestosterare,
by camtrast, %s less androgenic than its natural hamologue
testasterane.

In 1937, 1l7a-ethynyltestosterane {X}g ethisterane) was prepared by
the addition of potassium aoetyl:.de 2 followeg by an Oppenauer
oxidation using aluminum isopropaxide (Figure 4).

Ethisterane displayed same oral progestational activity in spite of
its significant androgenicity. On this basis, it was imtroduced to the
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N OH
Li/NH3
CHP
DXL ¢ H3O xIT
1. HCl-MeOH
2. Cr03-HOAc

0
HO c

DHA

- Aﬁcoaic"s )3 o
<:-@CH
Ethisterone

XVI
FIGURE 4 Symnthesis of ethisterane.
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prgfesslm in 1941 for the treatment of certain menstrual

zders The oral activity of ethisterane (XVI), coupled with the
potent activity of 19-norpragesterare (XIII), pramptad investigators to
imormrate both modifications into the same molecule. To that end,
two very important substames, morethimirae and mrethyradrel, were
prepared independently by two different 1abo§tor1es Narethyraxirel
was prepared by F. B. Colton of G.D. Searle, rggvthtrmve
was synthesized by C. Djerassi of Syntex Iaboratons The credit
for demonstrating the effectiveness of the estragErrpragestin oral
antraceptive mist uquestianably be given to the late Dr. Pincus ard
his colleagues. Their initial studies, which established
antiovulatory g;qm:t.\ es of the 19-mrpragestins in ard
human females,“’ were reparted in 1956.

Early in 1953, Pincus, Chang, and collaborators at the Worcester
Fourdation for Experimental Biology began to evaluate rnorethimirane,
norethyrxxdrel, ard related analogues for antlggulatory activity. 'Ihey
established that activity for the first time. Subseruerttly, Rock
inBostmarﬂGarcia;nmertbRicosmxmsmllya;pliedthsenew
drugs in the clinic.2’/ Most important was the discovery that
norethirdrane showed oral progestational activity five times greater
than that of progesterane in rabbits; thlsmntwggggnﬁ.medby
other investigators in rabbits, mankeys, and wamen
large-scale clinical evaluation of both norethyruizel and nozethininxe
showed that the oral administration of these pragestins, in cambination
with 17a-ethynylestradiol (EE) or its methyl ether, mestranol (MEE),
fram the fifth day of the menstrual cycle for 20 8r 21 days, preverntad
pregnancy with almost 100 percent effectiveness.2? In the early
studies, it was thought that the progestins alone were effective. It
was soon realized, however, that part of the effectiveness resulted
frunanstzu;engsntammnt MEE, apmnsormthesynﬂmmofme

19-rorpragestins. The supenonty of the
preparations over the nonestrogenic pragestin was soon revealed in
controlling breakthrough bleeding. This vital clue led to the
develomeg; gf aurrently available estragemr-progestin cambination
products. Not only did the added estrogen permit smaller doses
of the more expensive progestin, but it counteracted any potential
antiestrogenic effect of the progestin and sustained better integrity
of the erdametrium.

large—scale clinical trials soon established the efficacy and
safety of these cambinations. The era of oral contraception began in
1960 when the cambination product Enovid was approved by the U.S. Food
and Drug Administration (FDA) for the cyclic 1 of ovulation and
was immediately marketed for this use by Searle.” In 1962, the FDA
exterded its approval to the cambination of norethimdrune and mestranol
for the cantrol of ovulation. This substance was introduced to the
medical profession 12 1963 by Ortho Pharmaceutical Corporation under a
license fram Syntex.
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PARTTAL SYNTHESIS OF 19-NOR STEROID DERIVATIVES

As shown in Figure 5, most steroid drugs are, in fact, prepared by
partial synthesis fram natural products that cantain the steroid
mxcleus. The bulk of the world's supply of steroid starting material
is derived fram only two species of plants: Mexican yam, a species of
Dioscorea, and soybean.

Degradation of the Side (hain at C-17

Inamdevel@edbythedmxstsatm%mes,

sapogenin diasgenin was abtained fram the Mexican yam

material, with the requisite tetracyclic micleus possessing the correct

sterechenistry, axrtains eight carbon atams in the side chain at C-17.
Treatment of diasgenin with hot acetic anhydride leads to a

reaction similar to the formation of enol ethers fram ketals. In this

case, the net result of the transformation is the opening of the spiran

DIOSCENIN

STIGMASTEROL (10)
H I l SITOSTEROL
Several
! Beckman Steps
3 Chemical
PCO 4 Steps

lﬁ-Dehydropregnenolc
Acetate

16-DPA . Blrch Reduction
1. L4, ¢,0H
on TSA fochy, o
-
2. (cHq),80, 24
3. NBH
OH Ardrosta-1,4,-diengfyH
3, 17-dione
(ADD L=
Crollpy "‘G‘CH ) C—-CH
O HCL 3

Norethynodrel / Norethindrone

N

FIGURE 5 Partial synthesis of 19-nor steroids.
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Diosgenin
1

HO

X ﬁczﬂ,a
AD

|w

Ac +

4
16-Dehydropregnelonone Acetate (16-DPA)

i

AO— o

FIGURE 6 Degradation of the side chain of sterols.

ring to a dihydrofuran ring; the Wl grogp at C-26 is acylated
under these canditions (Figure 6).-° Oxidation of 2 with chramium
trioxide in acetic acid effects the desired scission of the side chain
with the formation of the desired C-20 ketane (3). Treatment of this
ester, 16-acylaxy-20-keto steroid (3), with acetic anhydride leads to
the elimination of the 16 8 ~y-acetaxymethylvarleroyloxy grouping. Thus
abtained is an imtermediate with functionality suitable for subsequert
modification, 16<dehydropregremolone acetate (4). As shown in Figure
7, 4 is convertad to its axime; treatment of this anti-20-oxime (5)
under the canditions of the Beckmann rearrargement results in migration
of the unsaturated cegget to nitrogen with consequent formation of the
acylated enamine (6). This reaction mist involve migration of the
vinylic C-17 carbon in anti-canfiguration of the axime. Therefore,
this rearramgement conforms to the acepted geametrical requirerent for
migration of the group trans to the departing anion. (On the other
hand, a syn-20-oxime would suffer C-21 methyl migration to give the
N-methylamide.) No explanation is apparent here. The N-acetylenamine
(6) is very unstable with water and readily hydrolyzes to give
dehydroepiamdrosterune (DHA) acetate (7). Removal of the 3-acetate by
sapanification followed by Oppenauer axidation affggds the conjugated
enane (9). Thus, ardrostenedione (9) is abtained. This is ane of
the best-known processes for degrading a pregnane into an amdrostare
derivative on a production scale.
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— CHy

NI R Tkl Y

P}'F:dinc H J
(O 1 2 -
AC 16=-2FA
M
(f_.—_-'o - -
NH 0
H.Q
Hvdrdlveis, Hedrolvsis o ———
H s
| d Ae 7
Enamine -
D Acezate
(o
C
DR l
= ) H 2
Androstenedione (AD) DHA

FIGURE 7 Coversion of l6<d=hydropregrerolone to ardrostenadione.

The nonsaponifiable fraction fram the abundant oil of soybeans, one
of the principal agricultural crops of the United States, is known to
be rich in a mixture of sterols bearing a 10-carban side chain at the
17 position. The chemists at Upjohn Campany selected stigmasterol,
which is susceptible to chemca% dgg'zadation given the presence of
msamratimggthesidedlain, 7, and they used it to prepare
progesterane, ”’ which becames 3 starting material for the production
of mxiraxyprogesterare acetate 9 for maintenance of pregnancy. A new
process for the isolation of stigmasterol of about 88 percemnt or better
purity fram soybean sterols via the disafRinuaus aamtercarremnt
leaching process was described by Camphell and coworkers in 1957.40
Use of a by-product is an important cansideration in the selection of a
raw material for steroid production, since a by-product almost always
gives superior econamics. Soybean serols are about 20 percent
stigmasterol.
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Stigmasterol (10) is convertad into pragesterare (I) by using an
efficient four—step process that involves: (1) Oppenauver axidation of
10, (2) selective and sterecspecific ozanolysis of the most
electrcn-g'dmdmblebaﬁinthesidedxaininthepresaneof
pyridine, (3) 20~ennl acetate formation, and (4) ozanolysis
followed by hydrolysis of any C-3 enol ester (see Figure 8).

The other sterols with the saturated side chain at C-17, mostly

1 and sitasterol, were of less interest until recently. Now,
however, microbial methods for the degradation of sitaosterol and
campesterol to useful steroid imtermediates are being developed.

Many methads for the conversion of pregnanes to ardrostanes are
available. The simplest, most practical, and most widely used method

a pradiction scale is the Beckmann rearrargement of
A 6-2()~:Amin:pna;rm (Figure 7).

2

QPP ERMIEK

OXINATION
HOY 1o o u
r Stigmasterol -
' HOAC
0 Monoeno] Acctace + d&
+ CHOAc ‘ (
2
J-Keto-bisnor=4=cholen-
aldchyde O
1) Ozonolysis
2) H
— Ty
Ad Dicno]l Accrate J
- Progesterone

O 1

Hwdrolysis
xidation

Pragnenclone Acatate

FIGURE 8 Degradation of stigmasterol to pragesterare.
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Retalization of 16-DPA (4), ane gf early imtermediates fram the
diasgenin route (Figure 6) to form A2/1°_pregnadiene-38 —01, 20-~ane
ethylene ketal was followed by saponification to give the alcahol
(13). An Oppenauer gyidation on this product followed by epaxidation
with ic acid’" (or cammercially available peracetic
acidd4/ ) yieldedA‘—pzregnene—L 20—diane-16a, 1% -<epoxide
20~ethylene ketal (15). Qondensation of this mono-ketal with ethylene
glycol afforded Aswae—3, 20~dicne-16 , 17 -epoxide bisethylene
ketal (16), which upan treatment with LiAlH, followed by HC1l was
axvertad directly to 17a-hydraxypragesteragre (17) (Figure 9).

One of the most widely used methods for the introduction of a
1% grogp into a 20-ketopregnane involves the protection of a
3-keto-A" system via its eniminium salt, through a dienamine,
permitting enol acetylation of a 20-ketone, epmudaﬁm, hydrolysis,
ard finally removal of the A-ring protecting group. Since many
steroid double bands will react with peracids, they must be protected
before the enol acetylaﬁ?g . It is epectad that a mixture of the
cis (2) and trans (E) 8/ (¢0)_enol acetates is abtained. No
abstantial difference in reactivity of the two isamers is shown here,
however. PFurthermre, the canfiguration of the acetyl side chain (a
org) in the startimg material is of no cansequance, since the
asymmetry at C-17 is destroyed by double bond formation. Epaxidation

OH
'Con
Alc. KOH, A
A 4

16-DPA HO 13

Al (04 Pr)
Cyclohexanone
toluene

CBHSCO H in EtOAc or
Jeraceéic Acid

0
- 1} LiAl¥, ether -
2) ¢. uct

17u-§;droxyprogesterone

FIGURE 9 Qxversion of 16-DPA to 17u-hydroxypragesterare.
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of the 417(20) 1 acetate was originally carried cut with
perbenzoic acid,4 but the cmmgally available peracetic acid is
generally the most canvenient.™<’ Based on the expectad backside
attack, the desired epaxides have the 17 -canfiguration, and hydrolysis
always produces the 17a-hydruxy group. The opening of the epaxide and
regeneration of the 4-ene-3-ane can be carried cut simultaneocusly by
treatment with 0.2 N aqueous ethanolic sodium hydroxide to give
17-hydroxypregn-4-ene-3, 20-dione (17) in 48 percent overall yield fram
pragesterae (Figure 10) . This demanstrates the stability of eniminium
salts which may prove valuable when selective protection of an
o 8 -unsaturated cartonyl group_is required during an electrophilic
reaction. The protection of A° double bond is available by
halogenation dunng the introduction of 17x-hydroxyl group prior to
enol acetylatim.4

In 1962, ancther elegant procedure was devised by Barton® for
the introduction of 17a-hydroxyl group into a 20-ketopregnane by
tBu0™/0,/Zn-HOAC procedures. As is so often the case, the method
arose as a matter of cammercial necessity. Subsequently improved,
Bartaon's procadure recammerds the use of t-butaxide in IMF-t-butanol at
-20°C to -25°C in the presence of triethyl phosphite to reduce the :
hydroperoxide formed. Although a 3-kito-A4 system is not le to
the reaction canditions, a 3-keto-als system will survive.
Trea of progesterane with DDQ in dioxane affords 21 (see Figure
11).

Edwards and coworkers at Syntex laboratories described the cleavage
of 17a—hydrqamxyg§u;rublone with potassium t-butaxide in THF to give
DHA in good yield. Since such hydroperaxides are now accessible

CHs

Az
»

Aczﬂ‘ 704 HCIOﬁ

o

19
(2]
CIOQ

Eninminium Selts

PROGESTERONE .

. .
1
O
18

Pyr;slidine Dienamine

C,H.CO.H or
20,4
C
> OH
0.2 N aq. ethan-
olic NaOH
C ©
clo
17 4

20

FIGURE 10 Introduction of a 17-hydroxy group into pragesterane.
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poQ

ADD

%

FIGURE 11 Direct axygenation of 20-ketopregnanes.

fram the 20-ketopregnanes in one step, this canstitutes a canvenient
two-step degradation process. In practice, the intermediate
hydroperaxides need not be isolated. Other enolizable keto groups in
the molecule must be protected (see Figure 12).

Catalycic *
16-DPA Hydrogenation
4 Pd-BaSOL
- echer/

EtOH
1 atm.

90mir{

23
Pregnenolone

FIGURE 12 Degradation via 17-hydroperoxides (*R. E. Marker and J.
Kruger. 1940. Sterols. CXII. Sapogenins. XLI. The preparation of
Trillin and its conversion to progesterone.J. Am. Chem. Soc. 62:3349.).
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H a0
TSA HeOH EtOAc
(1:1)

FIGURE 13 17-ketastaroids from enol acetates of 20-ketosteroids.

Similar 17-ketasteroids are abtained by means of ozonolysis on two
stereoisameric enol acatates, cis (2) angom (E), abaut the double
band of 20-ketastaroids (see Figure 13).

17a-Nydroxypregrervlone 3-acetate can be cleaved quantitatively to
[HA acetate (7) using lead tetraacetate (Pb(QAc)4) i:n an aprotic
solvent such as benzene at reflux (see Figure 14) R

In addition, a variety of axidative reagents, including chramium
trioxide, lead tetraacetate, periodic acid, and ium bismithate, can
be used to cleave the 17,20—axygenated pregnanes.

Aramatic A-Ring Steroids

Treatment of ardrustenedione (9) with DDQ*8 leads to the
formation of 1,4-dienane (24). Aramatization is accamplished by
treatment of the 17-ethylene ketal of 1, 4-diencne (24) with an exess
of the radical anion derived fram lithium metal and biphenyl in boiling
THF solution. Since the amgular methyl group in this case leaves as
methyl lithium, diphenylmethane is included in the reaction mixture to

AC -
Aﬁo 17a-Hydroperoxide :I,Z:c:l{:::xypregnenolone

(Obtained from Scheme S5SA)

Pb(O.\c)i Csﬂq,ﬁ

A‘O [HA Acetate

7

FIGURE 14 The dagradation of C-21 to C-19 stervids.
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q\mthisby-pxt?gct,ﬂmebywultin;itsreactimwithﬂ\e
starting ma . Acidification of the reaction mixture
hydrolyzes the ketal function and affords estrane in quite a

respectable yield (Figure 15).

19-Nor Steroids

Estrone is to its 3-methyl ether by reaction with
dimethylsulfate. on with sodium borchydride in THF/EtH
gives the 178-alcahol. Estradiol 3-methyl ether (26) the
starting material for gge synthesis of rmorethynadrel (31) 4 as well
as narethimirae (32).

The Birch reduction of 26 with lithium in liquid ammonia using THF
and t-Iattanol as cosolvents results in the formation of the 1,
4-dihydro derivative (27), which is alsequertly intercharged with
ethylene glycol in the presence of TSA (p-toluenesulfonic acid) and
amnvertad the more stable ethylene ketal campourd (an improved

). xddation of 28 with the chramium trioxide-pyridine
(Cro3.2CgH-N) >° results in a good yield of the 17-ketane (29)
without aramatization. Ethynylation of the 17-ketane of
3-ethyleneketal (29) with a metal acetylide, such

_ 0O
DDQ (1.1-1.5 eq)
Oioxane
s i
ADD
24

0

CSn
. TSA
2. -
Li, ¢ "‘ZCHZ
THF, A

3. HC1

4 o}

HO 25

Estrone

FIGURE 15 Reductive aramatization of dienanes.
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as camercial lithium acetylide ethylenediamine camplex, gives the
3-ethyleneketal of norethyrxxirel (30). Mild acid hydrolysis (using,
for eample, the aalic acid of the latter) pradxes norethyrrxirel
(31), whereas hydrolysis with hydrochloric acid gives rorethimirane
(32), as shown in Figure 16.

Functionalization at the C-19 Position

Until about 1961, the symthesis of 19-nor steroids was almost
entirely based on the Birch reduction of estrane 3-methyl ether. The
amercial importance of steroid aral aamtraceptives prampted extensive
work an alternate partial syntheses which do not proceed via a Rirch
reduction of ring A aramatic pmnsors. A very efficient pzocedme
was simﬂtarm:slgsbg groups working imeperdernttly in
Mexico and Switzerland, 9 who approached the problem
through dxemcal f\mcdcnallzatlm of the angular methyl group at
position 10.

The procedure described by Kalvoda et al.>? of ciba AG is
represemntative of these new processes and is especially suitable for
the preparation of morethyrrdrel (31) and morethimdrae (32). The

Q O

1. (C"3)25°4

2. NaBH . THF/
EtUH

CH0

]

Es radiol J-meravl erhar
Jumﬂ CH

o
H
B 0\ Py
LiC=CH
-

NHg

CH.jC(OIINHeiz

[
~2

Oh

O 3 2
Sorethvnodre] Norethindrone

FIGURE 16 Symthesis of 19-nor steroids.
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addition of hypochlarous acid to 38 -hydroxyamirast-S-en-17-ane ([HA)
acetate (7) results in an excellent yield of the chlorahiydrin. The
C-10 methyl group is then functiaonalized by treatment with lead
tetraacetate to give the 68, 19-oxide. Hydrolysis of this oxide
followed by axidation gives the dione. Subsequent alkali treatment
praduxces the 4-dehydro-3-keto derivative. Reduction of the
4~dehydro-3-keto campound with zinc affords the important, imtermediate
-4-ene-3, 17-diane (33) . Treatment of this diane with
chramic acid provides the acid (34) that upon heating in pyridine is
decarboxylated to give the 5(10) <dehydro derivative, B ,y—unsaturated
ketane (35). Treatment of 35 with a weak acid in methanol results in
selective ketalization at C-3 to give the 3-dimethylketal (36).
Subsequent ethynylation at C-17 pradxes an excellent yield of the
3<dimethylketal (37) of narethyncdrel. Weak acid cleavage of the
dimethylketal (37) yields norethyncdrel (31), while a more vigorous
acid treatment gives norethirdrane (32). Although many steps are
involved in this transformation, each of the reactions results in a
good yield, and a high overall conversion to the desired product is
abtained. This procedure is very attractive for the large-scale
preparation of 19-nor steroids. The inconvenient Rirch reduction of
ring A aramatic prenxsars for large—scale operations is totally
avoided here when campared with Djerassi's original procedure involving
a Rirch reduction (25). This alternate appraach can be used for a
small-scale preparation in the laboratory for canversion of DHA (8) to
mrethimdrae (32). Several modifications of the C-19
functionalization gf Kalvoda have been reported (see Figure 17) 58
Bowers et al.®® at Syntex utilized the bramchydrin instead of
chlorahydrin and reported good yields by canverting the intermediate,
68, 19-oxido-5c-bramoardrestare-3, 17-dione to
1o hydraxyardrast-4-ene-3, 17-dione (33) using a zinc and isoprophyl
alcahol treatment followed by acid isamerization of the C-5 dauble
band, in a mamner similar to that of Kalvoda's procedure (Figure 17).
Ancﬂ:erinpzwaentinthisgenexaladﬂnewasmrkedwtbypappo
and Nysted of G. D. Searle (Figure 18).6 This involved the peracid
formation of the 5,6a—-epaxide, followed by dilute perchloric acid
cleavage to the 5,6-diol. Acetylation gave the 3,5,6-triacetate which
reacted selectively with potassium bicarbonate to yield the
3,68-diol-to-acetate. Selective acetylation at C-3, and then lead
tetraacetate and iodine functionalization of C-19, gave the 68,
19-<axide. Potassium bicarbonate hydrolysis of the 3-acetate and then
chranic acid axidation of the resulting alcahol gave the key
intermediate 68, 19-oxido-Sc-acetoxyandrostane-3, 17-dione. Treatment
of 68, 19-axido~5 c-acetoxyandrostanedione with zinc and zinc chloride
in methanol gave a good yield of 19-hydroxyandrostenedione (33).
Oxidation with chromium triozide canverted 19-hydroxyandrostenedione
(33) into the C-10 carboxyA “=-3-keto compound. Upon gentle heating
in 8¥rid1’.ne, the acid was decarboxylated to give the
3-keto-42(19) sterviq (35). The overall yield for this reaction
sequence was good. The need for metal-ammonia reduction (Birch
reduction) is thus avoided.
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FIGURE 17 Ciba AG, Basel, and Syntex procedures.

Other Modifications of 19-Nor Steroids

Norethimirare Acetate (38)

Esterification of the 178-twydroxy group of norethimdrane provides
derivatives with imteresting biological properties. The 17-acetate
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FIGURE 18 G. D. Searle procedure.

KZCOJ » MeOR OAC

Onc

ester (38) of rorethimirane (32) is orally effective clinically®l

and, with a small amount of estrugen, is marketed in Burope by Schering
AG as Anovlar and in the United States by Parke, Davis as Norlestrin
(Table 1). One of the synthetic schemes axrrently used for preparing
the 17-acetate involves amversion of rorethimirare to the

3, 17-diacetate (33) by treatment with acetic anhydride or i 1
acetate in the presence of p-toluenesulfonic acid as a catalyst.

Mild alkaline or acid treatment of the enol diacetate (33) produces
norethimirane acetate (38) as shown in Figure 19. An alternate method
for the preparation of She 17-acetate (38), published in 1968 by
Shapiro and cx:workezs,6 involves ethynylating and acetylating the
enol ether in the same reaction and then hydrolyzing it to give the
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TAHIE 1 Cambined Oral Qamtraceptives Marketed in the
United States (as of Octaber 2, 1986)

Brand Nawe (Day Regiwan) Cowpany Pragestin Estrogwn
Ortho-Novus 1/50 (21,28) Ortho 1.0 NeT 0.050 MEE
- 1/80 (21,28) 1.0 *© 0.080 *
- 2eg (21) - 2.0 *© 0.100 *
Oortho-Novum 7/7/7 (21,28) ~ 0.5/0.75/1.0 = 0.03 =
- 10/11 (21,28) - 0.5/1.0 < 0.03s *
Oortho-Novum 1/35 (21,28) = 1.0 * 0.035 *
Modicon (21,28) 0.5 *° 0.035 *
Dewulen 1/3S (21,28) Searle 1.0 Ethynodiol 0.035 =
Diacetate
Desulen 1/50 (21,28) ~ 1.0 -~ 0.050 tE
Enovid-E 21 - 2.5 Norethynodrel 0.100 MEE
Envoid S =g - 5.0 - 0.075 *
- Enovid 10 mg - 9.85 - 0.1 *
* Owulen (21,28) - 1.0 Ethynodiol 0.10 *
: Diacetate
Brevicon (21,28) Syntex 0.5 NET 0.035 g
Norinyl 1+35 (21,28) " 1.0 ~ 0.035 -~
Norinyl 1450 (21,28) - 1.0 0.050 MEE
- 1+80 (21,28) - 1.0 *° 0.080 *
- 2 ug y 2.0 - 0.100 -
Tri-norinyl (21 and 28) 0.5/1.0 - 0.035 EE
Ovral Wyeth 0.5 dl-Norgestrel 0.05
LO/Ovral (21 and 28) - 0.3 . 0.030 -
Nordette (21 and 28) - 0.15 ING 0.03 *
Triphasil (21 and 28) * 0.05/0.075/0.125 * 0.03/0.04/0.03 -
Loestrin 1/20 P-D 1.0 NET AC 0.020 *
- 1.5/30 - 1.5 ~© 0.030 -
Morlestrin 1/30 - 1.0 * 0.050 -~
- [Fe] 1/50 " 1.0 ~ 0.050 -~
° 2.5/%0 = 2.8 0.050 -~

17-acetate (38) (Figure 20). The 3-ethyleneketal (28)—not the enol
ether (27)—is preferred during the chramic acid oxidation, as shown in
Figure 16.

Oh

-G=CH Ac

Ac,0. TSA ----Cac.-’
or  None. T84 a0
.

3/

IN

Nerethindrone ALO

Mild CH

07 3

Norethindrone Acetate

FIGURE 19 Esterification of norethimirane.
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1. LtGCH

NH
l:NH:. DMF

2. Ac,D

'3

Nerethindrone Acetate

FIGURE 20 CQoncamitant ethynylation and acetylation.

Since 1975, we have synthesized and tested esters of rorethindrane
and in collaboration with the World Health Organization
(WHO) . Esterification by using the camventional methods on
sterically himdered tertiary alcohols provides a very poor yield of the
dsitedes@xis The most suxessful methad appears to be the thallous
ethoodde ane. The mimute amount of taxic thallium residue that
remins in the ester is unacceptable and urdesirable, however. More
recently, a simple mixed anhydride procedure using trifluorocacetic
anhydride and the acid for esterification, followed by the reaction of
steroid alcahols, was found to be the method of choice for the
preparation of steroid esters.

Ethynadiol Diacetate

Goad yields of ethynodiol diacetate (40) are abtained by the
diacetylation of the diol (39) w%;h acetic anhydride and pvyr:ldine.66
This diol was by Colton®’ and indeperdertly by Sandheimer
ard his cowarker® by reduction of morethimdrane (32) with sodium
boradhydride. More recently, it was found that lithium
tri-t-tatoyalunimm hydride was a superior reducing agent69 to
sodium borchydride or lithium alumimm hydride in producing a greater
ratioofth?dsiredm-hydmxyisaneroverthe%-hydmyepimer (see
Figure 21)./0

SYNTHESIS OF ETHYNYLESTRADIOL (4]1) AND MESTRANOL (42)

Reaction of estrune (25) with a metal acetylide produces
17 —ethyny1-178-hydroxyestradiol = ethynylestradiol, (EE) (41).71
This campound is equipotent with estradiol by subcutaneoas
administration, but it is 15-20 times as active by oral
administration. Ethynylation of the methyl ether (25a) 95 %tu:ne
similarly pradxes mestranol (42) as shown in Figure 22.°¢s
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OoH

H

m Li (tBu0) jAlK, THF
'
H

32
Norethindrone

Ac,0, Pyridine

OAc
--C=CH

2

Ad 4o

Ethynodiol Diacetate

FIGURE 21 Diacmtylation of the 3, 17-dinl (39).

Attack of the metal acetylide an the 17-ketane takes place fram the
least himdered a-side of the estrune or estrune methyl ether.

Ethynylestradiol and mestranol are of special commercial
significance because most of the oral contraceptives now on sale
incarporate ane or the other of the cappamds as the estragenic
campanent.

13R-ETHYLGON-4~-EN-3-ONES AND REIATED COMPOUNDS BY TOTAL SYNTHESIS

Total synthesis pradxes not only rorethimirae, but also steroids
with structures that do not occur in nature. For example,
D-(-)-norgestrel, which passesses a 13-ethyl group, is mamfactured
only by this route. It is prahable that intensive process research
development on the reactions involved in these syntheses may have made
ﬂmeruxtmc%mezciallyanpetiuvemth;artial synthesis basad on

plant sterols.
---c CH
Ethynvlation -.}_
RO™ 25 ren RO 41 ReH
234 R'CH 2 R‘CH

FIGURE 22 Ethynylation of estrune ard its methyl ether.
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Several useful alternate appruaches for the commercial total

symhsls %nysfexommhavebe%g?cﬂbedby'mmmﬂ
9§' and by Smith and coworkers. These methads

have been ut.ilized to prepare a variety of 13-alkylgona-1,3,5(10)-

triene imtermediates (Figure 23).

Originally, condensation of 2-ethylcyclopentane-1,3-dione (D) with
the vinyl carbinol (AB) abtained fram 6-methoxy-1-tetralone and
vinylmagnesium chloride, in the presence of about 10 percent of the
quatermary ammonium hydraxide Triton B, gave the tricyclic diketone ABD
which was ring closed under acid catalysis to ABCD. Catalytic
reduction of the 14-double bond proceeds at the a-side because of the
presence of the bulky angular ethyl grogp at C-13. This step has the
additional cosequence of establishing the importamt trans C/D ring
junctiire. Reduction of the 17-ketone proceeds as expectad to give the
17g-alcahol. The remaining 8,9-double bond is subjected to further
reduction with lithium in liquid ammonia to establish the trans B/C
ring juncture. Birch reduction, Oppenauer oxidation of
1,4<dihydraanisole- & 8-alcahol, ethynylation, and hydrolysis provide
racanicmm Although this synthesis has involved the

HL

/CHHCH [CEHSCIIZN-——HE]OII Xylene/Ke@ll/A
/“ [ﬁ l 50-60% —> @o
| AB'

’ ¢ Ha NC1-MeOH
|AB b ] 85-903%

O

?d CaCo

50- ?02 A C

D

. Birch Reduction
. Al(iPr0)3

. Ethynylation
. H hydrolysis

C

(+)-Racemic Hixture Horgestoel

FIGURE 23 Torgov-Smith total synthesis.
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formation of six chiral cemnters, only two of the 64 possible isamers
are formed. A major yield improvememnt resulted fram prior aamversion
of the unstable vinyl carbinol (AB) to the crystalline isothiuronium
acetate which was coupled with an enolate (D) under mild conditions

cohg%) X.oglvethe tricyclic diketane (ABD) in 90 percent

yield
Total Synthesis of D-(-)-Norgestrel Using a Chirality
Inducing Reaction: Schering AG Process
The tricyclic diketane (46) is a prochiral molecule, since reaction

at ane of the carbunyl groups would create an asymmetric center at C-13
(steroid mmbering) as shown in Figure 24. For example,

( (l\
’ "OH
s r“l i = ’la robial
, W5 Yield Reduction with
H 0 NS Saccharomyces
5 C ol (.H 0 Uvarum
6-Mcthoxytetralone = {CBS-1508) OH
AC
OAC D =
ila 1. Ac20,Py,C6HE
2 n d
5% Pd/CaCo3 TiF R 2. TSA.4.Chie O/
< A <
/ 532 Yield
917 Y{eld O
CH .
80% Yield 48
CH, &5
I-!"I
OH 0 OH
¥ . N2 Boo 1 br
Li/Nily, Aniline AL(D1iPr)1q Li, oy =
Tir, 2i00¢ MeCOEL I ahg, (=CH
&, 16 hr 2, _NC=CH, THF, rg
3-5 hr
N» atm

Not isolated

Pl CHQO e ke CHJ

*C=CH _“"MeOH

HCL

CH,CL

30-350C
°"‘§_f:".;—_‘;\‘i‘inﬁ'2'-n.7 (c, 0.92, cuely)

FIGURE 24 Tutal synthesis of D-(-)-norgestrel using a chirality
induction (Schering AG process).
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S§~(=)Praline
OmMF

o)

55
Trixetone

56
(+)-Bicyclic Ketol

FIQIRE 25 Asymmetric aldol cyclization.

micrabiological reduction of this tricyclic diketane (46) with the
yeast Saccharomyoes uvarum (CDB 1508) forms the optically active (-)
ketol 47 at a 53 percent yield. The following steps will yield
D-(-)-mrgestrel: caversion of the 17-alcahol (47) to the 17-acetate,
acidic cyclizatian (48), catalytic reduction of 14, (15)-double bord for
the formation of 1l4a-isamer, hydrolysis of the 17-acetate (49) to the
17-alcahol (50), Li/liquid ammonia reduction of 8,9-double bond, Birch
reduction of aramatic ring A portion, Oppenauer oxidation, and
ethynylation followed by hydmlyggs ith methanolic hydrochloric acid.
This is the Schering AG process. '8 In 1975, a research group at
Schering AG published an elegant synthesis as an alternative to this
prxcess, It does not proceed via a Birch reduction of the ring A
aramatic prenrsor.

The regioselective suforxylu:ethylatim87'88 of optically active
78-ethyl-6H-7, 7a~dihydroindan-1, 5-dione (57) opens the possg.sility of
a new, technically simple synthesis of D-(-)-norgestrel (54).

The (+)-enedione (57) is prepared by dehydration of the
(+)-bicyclic ketol (56) in TSA, which is in turn abtained by
cyclization of the triketane _;5_5) with S-(-)-proline in IMF as a polar
aprotic solvent (Figure 25).8 Reaction of the (+)-enedione (57)
with paraformal and benzenesulfinic acid in a mxt:uzg of
triethanclamine®® and acetic acid in a volume ratio of 3:1°1 at
50°C affords the sulfone (58) at a 85 percent yield. Presence of a
larger amount of acetic acid accelerates the reaction, but the
regioselectivity is thereby reduced, and considerable ammts of doubly
alkylated products of varying structire are formed. In acid solution
(ethanol with 1 percent agqueocus hydrochloric acid) with palladium on
charcnal (10 percent) as a catalyst, the sulfone 58 is hydragenated to
yt!;em-ﬁsedmlfone (89) as a crystalline product in a 75 percent

eld.

It is certain that the phenylsulfonyl group is alpha—that is, in
an equatorial position. In nonpolar solvents (pemntane/benzene),
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R(CH,CH,O1) 5
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57
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! (' £0
P e _CuaGHy
o OzCaHe » _
1. NgOH/MeOH
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29 CHC1 )

24
D-(-)-Norgestrel

FIGURE 26 Stereocontrolled synthesis of D-(-)-margestrel.

caapund 59 via the a-methylene ketone?? reacts with the anion
prepared fram ethyl 7,7-ethylenedioxy-3-keto~actamate (60) and sodium
hydride to give the ester (61) in high yields. The crude ester is
cyclized, hydrolyzed, amd decarboxylated ™ The tricyclic campound (62)
was isolated as an oil (see Hajos et al. ) Subsequent
hydrogenation, cleavage of ethylene ketal, and cyclization praduce

138 —ethyl-19-roramdrostanedione (63) in an overall yield of 35 percemnt
fram (+)-enedione (57). D-(-)-margestrel can be abtained fram 63 by
ethynylation with lithium acetylide in pure ethylenediamine. It is
found that 13g-ethyl-17-ketone (63) is considerably less reactive than
its 13-methyl aamterpart toward acetylenic muclecphiles. The
difference is attributed to the additional steric himdrance provided by
the ethyl group.
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Micrabial Formation of Therapaatically Valuable Steroids

0. K. Sebek
Infectious Diseases Research
The Upjohn Qompany (retired)

INTRODUCTION

Many steroids and their derivatives passess remarkable
anti-inflammtory, anabolic, diuretic, anmtineoplastic, progestaticnal,
and amdragenic properties. They are also effective in allergic,
dermatologic, and ocular diseases, and in cardiovascalar therapy. The
synthesis of orally active progestogens led to their use as regulators
of menstrual disorders in 1957 and to their application as oral
antraceptives in 1960. They are also used in animal Mshardry as
fattening agemnts and for synchronizing estrus in farm animals. Their
productian is a $4 billion worldwide business (Lenz, 1983).

Interest in these cappaads increased dramatically in 1949 when it
was discovered that aortisane acetate alleviated the symptars of
rhamatoid arthritis (Hench et al., 1949, 1950). A sudden surge in the
demard for this campound resulted, and it was hailed as a miracle drnug
for the treatment and cure of millions of sufferers of this crippling
disease.

Qartisare was produced at that time fram deoxycholic acid obtained
fram cattle bile by a laboricus process consisting of 32 chemical steps
(Sarett, 1949; see Figure 1). This prowess was improved, however, amd
presently Roussel Uclaf in France uses deaxycholic acid for the
mamifactire of cartisane by total synthesis.

Among the raw materials used to mamufacture cortisone and its
derivatives, diosgenin fram barbasco, the Mexican yam, first daminated
the world market. It has been estimated that between the mid-1950s and
early 1960s well over 50 percent of all steroids mamifactured worldwide
originated fram Mexican diasyenin (Djerassi, 1976). Diosgenin is
almost ideal for the synthesis of not aonly corticosteroids but also
19-nor steroids and the diuretic spiranolactane. The demand for this
raw material axtimied to grow through the 1960s, but the situation
began to change. Supplies began to decrease fram overharvesting and
rising prices as the Mexican goverrment began to comtrol collection of
the yam. In 1975, yam collection was nationalized campletely.
Diasgenin is presently produced in the People's Republic of China for
the symthesis of 19-nor steroid oral contraceptives and
carticosteroids. It is also praduced in Guatemala, Costa Rica, and
India.

-89 -
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COOH

HO 20

32 chemical sters

HO -~

FIGURE 1 Symthesis of cartisane acetate (2) fram deaxycholic acid (1).

As a result of the situation in Mexico, other raw materials also
used in steroid marmfacture began to assume new importance as
alternatives to diasyenin. They include: stigmasterol fram soybean oil
(United States), hexxxyenin fram sisal (East Africa, Ethiopia, Haiti),
solasadine fram Solanum plants (Ecuador, New Zealand, and Australia),
and bile acids (France, the Netherlands). With the more recent
elucidation of the bacterial side chain degradation of cholesterol ard
B-sitasterol, these campamds became extremely attractive for steroid
mamfacture as they are readily available in large amamts and
inexpensive. holesterol is abtained as a by-product primarily fram
wool grease in Japan, and B-sitasterol (in a mixture with campesterol)
fram soybean oil in the United States and West Germamny. Steroid
hormones are also mamifactured by total synthesis in France,
Switzerland, East Germany, West Germany, Hungary, and the People's
Republic of China.

MICROBIAL TRANSFORMATIONS OF STEROIDS
Hydraxylation

In the synthesis of corticosteroids such as cortisane or
prednisolone, one of the more difficult steps was the steresspecific
intracuaction of functicnal groups into the imtermediates, and in
particular the introduction of axygen into the crucial C-11 position.
This praoblem was solved in 1952 when it was reported that selected
fungi of the order Mucorales (such as Rhizopus niaricans) carried out

Copyright © National Academyiof Sciepces. All rights reserved.


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

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

- 91~
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3 3 3
L0 ¢-0 Lo
HO, HO-.
Rhizopus nigricans +
0 0
OH
3 4 5

- (85%) (t 6%)

FIGURE 2 Fungal 118-hydroxylation of progesterune (3) to
1lo-hydrxyprapE=verae (4) and 68,11 ~dihydraxypragesterare (5) .

the desired axygenation with remarkable specificity and in high yields.
Thus, progesterone was converted in one fermentation step to
1la=hydroxyprogesterune, the intermediate in the symthesis of cortisone
and other corticosteroids (Peterson and Murray, 1952; Murray and
Petersan, 1952; see Figure 2). Subsequently, other fungi such as
Aspergillus ochraceus were also fourd to catalyze this reaction, and
processes were developed in which the llo-hydroxylated product was
farmed in 70-90 percent ylelds (with small amuts of 6 6,11a-
dihydraxyprogesterone; see Figure 2), at substrate cmmtraticms in
exress of 20 g/1 (Abd-Elsamie et al., 1969; Hanson and Maxon, 1965.)

Oxygen was imtroduced into the strategic C-11 position also through
118 -hydraxylation (Figure 3) by means of other fungi such as Qurvularia
lunata and Quninchamella blakesleeana. In this way, 1l-deoxycortisone
(cartexolone, Reichstein's Substamce S), the preferred substrate in
such a case, was transformed into hydma::ztiscme (cortisol, campourd F)
in appraximately 60 percent yields with an additional 14c-hydroxylated
by-product (Stll and Kita, 1955).

CHZG! CHZCI!
'0 é-ﬁ
‘OH Curvularia lunata HO ~OH -0H
Cunninghamella blakesleeana
bH
6 7 8
(¢ 603) (* 25%)

FIGURE 3 Fungal 11B-hydruxylation of Reichstein's Sulstame S (6) to
hydrocortisone (7) and 14c-hydroxy-11-deoxycortisone (8).
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i

FIGURE 4 Micrabial 16o-hydroxylation of 9o-fluoroprednisolane (9) to
160 ~-hydraxy-9 -fluoroprednisolone (triamcinolane, 10).

The anti-inflammatory activity of same corticosteroids such as
rtisane was further improved by the chemical conversion to

9a-fluorahydraortisone, but this modification also caused an increase
in salt retemtion. This undesirable side effect was reduced to same
degree by micrabial 1-dehydrogeneration of the latter campourd to
9a-fluoroprednisolone (see the following section). When the resulting
9a-fluoroprednisolone was in turn hydroxylated at the 16a-position, it
vielded 16n-hydroxy-9 -flucroprednisoclane (triamcinolone; see Figure
4). 'This compound is a potent anti-inflammatory steroid and
essentially devoid of mineralocorticoid activity (Goodman and Smith,
1960, 1961).

Of other micrabial reactions, 170- and 21-hydroxylations by fungi
may be functional, but they have been replaced by superior chemical
routes.,

To date, all the available carbans of the steroid molecule have
bemhydrmcylatedbyselect:edmcmm:gamsns but only the three
mentioned above have found practical applications. Same of these
reactions are also catalyzed by mammalian tissues (Table 1), but they
are not of practical value since they would be quite expensive and
difficult to perform on a large scale.

TABRLE 1 Hydruxylations Carried out by Microorganisms
and Mammalian Tissues

Microorganisms Mammalian Tissues
la 7a 15a la 12 a
18 78 158 2a 15a
2a 9a 16 o 28 16
28 10 B 16 8 6a 17 a
38 11 a 17 o 68 18
S5a 11 8 18 70 19

58 14 o 19 118 21

68 21
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1-Dehydragenation

Early in the development of these corticnsteroids it was found that
the anti-inflammtory property of same (such as cortisane and
hydraxreisane) icreases three to five times with the cancomitant
decrease in salt retemtion when a 1,2-double band is imtroduced into
their respective molecules. It was further discovered that this
1<dahydragenation can be carried out quite camveniently and efficiently
by means of several bacteria (Arthrobacter simplex, Bacillus

sohaericus, Nocardia restrictus) and fungi (Fusarium solani, Septamna

atfinis) .
(HaOH
=0
W OH
ol
CHy
12
CHO
CHO
—
0
13 14
—>
0
15 16

FIGURE 5 Microbial 1-dehydragenation of selected steroids by Septamyxa
affinis: 6a-methylhydracnrtisone (11) to 6x-methylprednisolone (12);
3-axmbisnor-4—cholen-22-al (13) to 3-axobisnor-1,4-choladien-22-al
(14) ; and 4-amirostere-3,17-dione (AD, 15) to 1,4-ardrostadiene-3,
17-dicne (ADD, 16).
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This micrabial reaction has been incorporated into the pracesses by
which several valuable 1-<dehydrusteroids are produced: prednisane,
prednisolone, 6c-methylprednisolone, 21-deaxy-%x -fluaro—& -
methylprednisolone, and triamcinolone (Figures 4 and 5). The same
methodology is also used to dehydragenate 4-amdrostene—3, 17-dione to
1,4-andrustadiene~3, 17-dione, a valuable substrate for the chemical
synthesis of estrune and 19-nor steroids (see below). Since the enzyme
(1<dehydragenase) that catalyzes this reaction is inducible, the
addition of selectad imixers (such as 3-ketabismar-4-cholen-22-al or
pragesterae; see Figures 5 and 6) to the fermentation irmcreases the
efficiency of the reaction (Mxray and Sebek, 1959; Koepsell, 1962).

Ancther technique, "“psaxir<rystallofermentation," was described
for converting 50 g of powdered cnrtisol/100 ml to predhisolaone in five
days. The product was reovered in 93 percent yields, and the
procedure was developed into an industrial process (Kando and Maswo,

1961) .
CH; ?'3
o, &0 C=0
G
3 17
OH 0
0

18

— 5

FIGURE 6 Metabolites of (3) produced by S. affinis:
1<dehydropragesterane (17), l-dehydrotestasterare (18), (16), and
progestercne 1-dehydrotestololactone (19).
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Undesirable By-products

Although the desired campourds are produced in high yields by the
above pracesses, sane by-products are also formed in varying amounts,
thereby lowering the overall efficiency of the process.

Thus, for eanmple, sane of the micraorganisms that carry out
1<&hydragemation also cleave the side chain, axidize the hydroxyl
group at C-17, and carry out cartzarcarton scission of ring D (Figure
6).

Methads rastinely used in fermentation development have been
effective in reducing or eliminating such unwamted reactions. They
include: selection of a suitable medium, adjustment and close control
of fermentation canditions (length of incuhation, aeration,
temperature, addition of inhibitors), mitation, and strain selection.

MICROBIAL METABOLISM AND DEGRADATION OF STEROLS
The C-17 Side Chain

As indicated above, cholesterol and B -sitasterol have became
attractive substrates for the production of pharmacologically active
steroids. They are renewable raw materials, they are available in
large quantities (appraximately 100,000 tans worldwide in 1980; Lenz,
1983), and they are irexpersive. Cholesterol, which was first isolated
fran human gallstaones, is extracted primarily in Japan from wool grease
(wool imported fram Australia and New Zealand) and fish oil, where it
is present in 15 and 7 percent concentrations, respectively.

g-sitasterol is a camponent of soysterols (by-products of soybean
0il processing) which cansist of 21 percent stigmasterol, 49 percemt
g-sitosterol, and 27 percent campesterol (Itach et al., 1973; see Figure
7). Of this mixture, only stigmasterol is used industrially in the
United States for the synthesis of progesterane and other pregnanes
(via 16<dehydropregrerolone acetate) because the C-22(23) double bord
makes the side chain amenable to an efficient chemical cleavage.

Since R-sitosterol and campesterol lack this double bond, chemical
cleavage of their respective saturated aliphatic side chains is not
econamical as it also generates a mumber of undesirable by-products.

More recently, however, ways were fourd (by selection of proper
mitants, use of inhibitors, or chemical modification of the substrates)
to allow side chain removal of these sterols without affecting their
steroid mxclei. These ahservations were then developed into
large-scale processing in which the side chains of cholesterol,
g-sitasterol, and campesterol are cleaved in high yields specifically
to 17-ketosteroids (4-ardrostene-3, 17-dione, % -hydroxy-4-amirasters—
3, 17-diaone) in ane fermentation operation (see below). Using
additional microbial manipulation, canditions were also defined under
which partial degradation of the steroid ring system occurs and yields
other products useful as new substrates for further chemical symtheses.
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22 _ Campesterol
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FIGURE 7 Soysterols extracted as by-products of soybean oil.

The origin of these developments can be traced back to 1913 when it
was reported that mycabacteria were able to utilize cholesterovl as the
sole source of carbun for growth (Sahngen, 1913). This abservation has
since been canfirmed many times, and bacteria belonging to the
following genera were also fourd to grow on cholesterol: Arthrubacter
(Corynebacterium), Azotobacter, Bacillus, Brevibacterium, Nocardia
(Proactinomyces), Protaminobacter, Serratia, and Streptomyces (see
Arima et al., 1969). Same bacteria were reported to degrade this
substrate only partially.

Thus, methylheptanone was identified as a bacterial product
originating fram the cholesterol side chain (Horvath and Kramli, 1947;
see Figure 8). In a related study the isolation of isacaproic,
3-oxm—4-etiocholenic, and Windaus' keto acids clearly showed that not
only was the cholesterol side chain cleaved, its steroid ring structure
was also metabolized (Turfitt, 1948; Stadtman et al., 1954).

Subsequent data indicated that bacterial dissimilation of cholesterol
can proceed via two different pathways: (1) by a stepwise degradation
of the side chain, and (2) by a stepwise degradation of the steroid
micleus. The two patlways do not operate in sequence but proceed
indeperdently fram each cther. Thus, if degradation of the steroid
nucleusdoesmttakeplaoe, cnlythesmed:amwulbeds;mdaiam
vice versa.

Investigations of the mechanism of the cholesterol side chain
degradation identified the individual enzymatic steps involved (Figure
9).
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Azolabacter sp. erythropolis Mycobacterium sp.
v
20
23
+
+ 0
COOH 0
25
21 ¥
+
24
26
o0 0
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FIGURE 8 Earlier degradations of cholesterol (27) to methylheptanone
(20), cholestenane (21), 7-dehydrocholesterol (22), isoaproic acid
(23), 3-o@=4-etiocholenic acid (24), cholestene-3,6-dione (25), ard
Windaus' keto acid (26).

The sterol is first amvertad to 4-cholesten-3-ane (which may or may
not be 1-<dehydragenated to 1,4-cholestadiene-3, 17-dione). The
terminal C-26 methyl group is then hydroxylated and sabseguerntly
oxidized to the corresponding C-26 carbaxylic acid. This acid in turn
is degraded by a mechanism similar to the classical fatty acid

g —oxidation, first to a C-24 carbaxylic (3-o@o—4-cholen-24-oic) acid
with a release of 1 mole of propionic acid, and then to a C-22
carbaxylic (3-axobisnar-4-cholen-22-oic) acid with the loss of 1 mole
(see Sih et al., 1968; Arima et al., 1978; Iida et al., 1985). Upon
removal of a secnd mole of propionic acid via a retraaldol reaction,
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FIGURE 9 Micrabial side chain degradation of cholesterol (27) to
4—cholesten-3—ane (28), 26-hydruxy-4—cholesten-3-ane (29),
3-axo~-4—cholen-24-oic acid (30), 3-oxbisnor-4-cholenic acid (31),
(15), AD and propionic (32) and acetic (33) acids.
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the C-22 carbaxylic acid is then convertad to a C-17 ketane
(4—armirastane-3, 17-dione, AD). If the substrate or any of the
irmtarmxiates is l1-<dehydragenated, the final product of this sequence
is 1,4-andrustadiene-3, 17-dione (ADD).

The branched hydracarton side chain of g -sitasterol (amd of
campesterol, its 24-methyl analogue) is degraded by a similar oxidation
sequence (see Figure 10). 'mepmczasisagainmtiatedbythe
hydruxylaticn of the C-26 methyl group, which in turn is oxidized to

carbaxylic acid. The cartxyr<arton fission at
c—24-c-25 and C-24-C-28 of this acid results in the formation of
3-om—-4—cholen-24-oic acid and 2 moles of propionic acid. As in the
case of cholesterol this latter acid is further metabolized via
3-aoambisnor-4-cholenic-22-oic acid to AD (Fujimoto et al., 1982a,
1982b) .

The Steroid Nucleus
Deperdiy on the arganism used, AD is then canverted either to

9 Nydroxy<4-amirastere—3, 17-dione (9a¢-~CGHAD) or 1,4-ardrustadiene-3,
17-diane (ADD; see Figure 11).

CH 2C.'IH COOH

———2» 2 CH3CH2C00H
32

> CH,000

+
COOH 13 .
L 5y — 5 s
o 30

FIGURE 10 Microbial side chain degradation of g -sitasterol (34) to
24-ethyl-26-hydraxy-4—cholesten-3-ane (35), 30, 31, 32, 33, ard 15.
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90-CHAD is an exrellent startirng material for the synthesis of
hydranrtisone acetate because its ring C is functionalized as the
%0.~-hydroxy group and the corticnsteroid side chain can be easily added
at C-17 by the known chemistry. Thus, by acid-catalyzed dehydration
9. -CGHAD yields 4,9(11)-amdrostadiene-3, 17-dione, which is first
canvertad to brumhydrin with the hydroxyl group at C-11 in the
required c~aonfiguration and is followed by the reductive removal of
the bramine atam. The steraselective introduction of the
corticosteroid side chain at the C-17 position then results in the
formation of hydrocortisane acetate (VanRheenen and Shephard, 1979).
This symnthesis thus offers an alternative to the functianalizing of the
C-11 position by micrabial hydroxylation. Its additianal flexibility
is that it also yields 17-hydroxyprogesterones, the starting materials
for a mmber of therapartically important antifertility agemts
(Shephard and VanRheenen, 1977).

The second product, ADD, is pyrolyzed in high yields to estrune
fram which 19-nor steroid oral cantraceptives are synthesized by a
modified Birch reduction.

In the subsequent steps of the steroid mxcleus degradation (Figure
11), 9%-CGHAD is dehydrogenated and ADD is 9a-hydruxylated. The product
of both reactions is the same, 9a-hydraxy-l, 4-ardrastadiene-3,17-dione
(9a~GHADD) . Since it is highly unstable, 9a~CHADD immediately
undergues similtanecus aramatization of ring A and cleavage of ring B
betwesen C-9 and C-10 by a nanenzymatic reverse aldol-type reaction, and
yields 3-hydroxy-9, 10-seco-1,3,5(10) -amdrostatriene—9, 17-dione
(HSAD) . Through a subseguent hydroxylation at C-4 (3,4-<dihydroxy-9,
10-sec0-1,3,5(10) —ardrostatriene—9, 17-dione, IHSAD), ring A is opened
by a meta cleavage whereby a 2,6-dioxrcarboxylic acid is formed. This
acid is then cleaved to (1) 2-ax©-4-hydroxyhexanoic acid, which in turn
yields pyruvic acid and propianaldehyde; and (2) hydrindene carbaxylic
acids, which are useful substrates in the chemical synthesis of
retrosteroids. They are further metabolized to succinic acid and
eventually oxidized to carbon dioxide and water (see Kieslich, 1985).

In addition to its theoretical significance, the elucidation of
this degradation sequene was of cansiderable practical interest. It
showed that (1) AD, %x-GHAD, and ADD (a:wmentsutstmtesinme
synthesis of steroid drugs) are inmtermediates in these processes; and
(2) they are formed only after the side chains of the respective sterol
substrates have been campletely removed. It also showed that their
degradation is initiated only after they have been 9a-hydroxylated and
1-dehydraogenated, thereby yielding an unstable 9c-hydruxy-1,
4-dien-3-ane, which initiates the decamposition of the steroid
mcleus. If one or both of the enzymes involved (9a-hydruxylase and
1-dehydrogenase) is inactivated, degradation of the steroid mxcleus is
prevented and the respective prodicts accumilate in the medium.

To achieve this accumulation three different methods were used:

(1) the substrates were chemically modified; (2) the sterol degradation
was performed in the presence of inhibitors of the two enzymes
involved; and (3) the degradation was carried out by mrtants lacking

9% -hydruxylase 1-dehydrogenase, or both.

Copyright © National Academy of Sciences. All rights reserved.


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

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

-101 -

o
“ E
100
o
o
=y

-—

T

FIGURE 11 Micrabial degradation of the steroid ring structure
(4—amirastere—3, 17-dione, 15) to: Su-hydroxy-4-ardrostense—3, 17-dione
(9a-GHAD, 36); 16, Sa-hydruxy-1l, 4-androstadiene-3, l7-dicne (9¢=CHADD,
37) ; 3-hydraxy-9, 10-seco-1,3,5(10) ~ardrostatriene-9, 17-dione (HSAD,

38); 3,4<dihydrop—9, 10-seco-1,3,5(10)-ardrustatriene-9, 17-dione
(DHSAD, 39).
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FIGURE 11 (contimued) 2,6-dicarbaxylic (40) and
2-oxo-4-hydraxyhexarpic (41) acids; propicnaldehyde (42); and pyruvic
(43), hydrindene carbaxylic (44), and succinic (45) acids.
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Method 1. The abservation that degradation of the steroid molecule
was preventad by modifying the structure of the substrate was first
made in 1958. A peaxiamnad was described to canvert 19-hydroxy-4-
amdresten=—3, 17-dione to estrune which was not further metabolized and
accamilated in the medium (Dodsan and Muir, 1958). This conversion was
shown to be carried out by a strain of Nocardia restrictus as well (Sih
and Rakim, 1963). In addition, estrane was formed fram
19-hydraxy-4-cholesten-3-one, 19-hydroxy-4-sitosten-3-one (Sih and
Wang, 1965), and 38-acetaxy-19-hydruxy-5—~cholestene (Sih et al.,

1965). The latter canversion is efficient (72 percemnt yields) and of
particular imterest since this substrate is canveniently prepared fram
cholesterol acetate in three chemical steps (Figure 12).

A microbial reaction was also included in an efficient synthesis of
19-nor steroids. As in the synthesis of estrane,

3 f~acetaxy-5-chloro—6, 19-oxidocholestane (prepared fram cholesterol
acetate in two steps; see Figure 12) is canvertad to
6,19-axido~4—amirostare=3, 17-diane, a key intermediate in the
synthesis of 19-nor steroids (Sih et al., 1965).

and most efficient routes for the symthesis of estrane and also of
19-nor-17,4—~ethynyltestasterare and related axrtraceptive agents (see
Djerassi, 1966).

Method 2. As noted earlier, steroid 9o-hydroxylase is a key enzyme
respansible for the degradation of the steroid mxcleus. Thus,
inhibition of its action means that the integrity of the mxleus is
preserved while the selective side chain degradation and
1<dehydrerenation procesd unimpaired and result in formation and
accumilation of ADD. Since the hydraxylase is a Fe®' i
mno-axygenase, the lipophilic iron chelating agents accamplish the
desired selective side chain degradation. Among them, oo '-dipyridyl,
1,10-phenanthroline, and 8-hydraxygquinoline proved mst effective for
theacc:tm:latimofhw Others that were active by the same mechanism
included cupfermn, diphenylthiocarbazone, diethyldithiocarbamate,

Ni + gcidnr;!drazlde _or o-phenylenediamine. Alsozgffectlve

, and AsO,™ by replacing Fe
or blockmg SH-functions.

On the basis of this and other information, fermentation proresses
were developed for the production of ADD fram cholesterol in Japan
(Mitsubishi Chemical Imdustry) and the Netherlands (Gist-Brocades).
ADD in turn is a valuable substrate for the synthesis of a mmber of
steroid harmones: estragens (estradiol, estriol, mestranol,
dimethisterane), pragestagens (rorethisterane, mrethyxnirel
ethynadiol diacetate), androgen (testosterare), anabolic
(mrethardrolone) and diuretic agents (spimlactone), as well as a
corticosteroid (triamcinolone).

Method 3. The third method is superior to the two described

above. To generate the above products, it requires neither
modification of the substrate nor the addition of metal ions amd
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FIGURE 12 Synthesis of estrane (47) and 19-nor—4-amirostere-3,
17-dione (48) fram cholestervl acetate (46).

chelating agents to the fermentation. Rather, it employs mrtants
derived fram the total sterol degraders which are selectively blocked
in the decamposition of the steroid mxcleus. In addition, other
mrtants may be selectad fram such mitated populations, which are
blocked at various stages of the degradative pathway, making it
feasible to isolate the respective intermeiiary products, including
ring A<degraded tricyclic capamds.,

The methodology of generating, selecting, and evaluating such
mrtants is a well-established process (see Marsheck et al., 1972;
Wovcha et al., 1978.) It involves mitation of a potent
sterol~degrading organism and selection of mrtants with the desired
properties. The bioctransformations are generally carried out by
growing the selectad mrtants in mutritionally rich media in shaken
flasks and in aerated fermemntors. When the late logarithmic or early
stationary growth phase is reached, the substrate is added, the
incubation is contimued, and the progress of the biotransformation is
monitored by appropriate analytical methads. Because of their
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inheremtly poar solubilities in water, the steroid substrates may be
added to the medium in fine suspersions or dissolved in water-miscible
arganic solvents (N,N-dimethylformemide, acetane, dimethyl sulfaxide,
ethylene glycol, and ethamnl). Given their taxicity, the
ancar?Paiias of these solvents should be as low as possible. To
eliminate such taxic effects, finely powdered substrates are also used
or water—snluble derivatives prepared (cyclabarate esters, steroid
21tenisucxinates). When the bioomversion is campleted, the products
(and any unreactad substrate) are isolated by the established solvent
extraction procedure.

Although these transformations have been carried out by the
traditianal batch fermentations, they can also be perfarmed with washed

irg cells, spares, or isolated enzymes which have been immobilized
on a suitable carrier (DEAE-cellulose, acrylamide) by the cross-linking
immcbilization technique. The advantage of this manipulation is a
minimal loss of enzyme activity and improved stability.

QNCLUSION

Micraorganisms are importamt in the mamufacture of various
capnmds such as antibiotics, arganic and amino acids, vitamins,
mxlectides, and mucleosides. They have also been used with
cansiderable success as catalysts of specific reactions with which same
imustrially valuable cagxmards are produced: hydrolysis of
penicillins G and V for the praduction of superior semisymnthetic
p!nicnlixs, preparation of pure L-amino acids by resolution of their
racemic DI~mixtures; aoddation of D-sarbitol to L-sarbxse and formation
of 2-ketogulanate fram glucose in the symthesis of vitamin C; and
reactiarns involved in the synthesis of the artificial sweeterer
aspartame.

In the symthesis of steroid hormones two kinds of micrabial
manipulation had a cansiderable impact on the econamic production of
these conpnumds: 1k - and 1lo-hydruxylations and 1-dehydrfeenation in
the early 1950s, ard the selective and efficient side chain degradation
of ahrdamt and inexpensive sterols in the 1960s and 1970s.

In view of the effectiveness and established therapartic value of
the key steroid harmones, ane might expect that further improvements
willbemde in their production by means of new and more efficient

. This effort will also include modern methodologies
such as chemostat mitation, protoplast fusion, and recambinant DNA
tachnology.
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APPENDIX A
Keynote Address

Didin S. Sastrapradja
Assistant (II) Minister of State
for Research and Technology

It is a pleasure and haonar for me, aon behalf of the Minister of
State for Research and Technology and Chairman of the steering
caamittee, to welcame you to the openimg of this Workshop an
Biotechnology of Steroid Camxarxds as Cantraceptives and Drugs. I
would also like to extend cur warm grestings to the participants fram
the United States, as well as fram Imdonesia, who will share their
invaluable knowledge, egerience, and ideas in the deliberations and
discussions at this warkshop.

In October 1983, the U.S. National Research Gauncil and the
Imicnesian Ministry of State for Research and Technology canvened a
symposium in Washingtan, D.C. on potemtial Imdonesia-U.S. collaboration
in science and technology. One of the priorities recammended by the
symposium was developing cooperative programs in the field of
bictechnology and related subjects.

As a follow—up to the sympasium, two workshops were arganized by
the U.S. National Research Council and the Imicnesian National Research
Camncil in Jakarta: the Waorkshop on Marine Algae Biotechnology,
December 11-13, 1985, and the Warkshop on Biotechmology in Agriculture,
March 13-14, 1986. At the first workshop various aspects of the
cultivation, processing, and marketing of marine algae were discussed.
At the secad workshop the discussions focused on animal production,
with an emphasis on embryo transplantation, plant cell and tissue
culture, biological nitrogen fixation, and bioconversion of
agricultural wastes.

This workshop, the third in the series, will deal with the
praduction of sitasterols fram agricultural by-products and other
natural resources, the production of steroid cagxards by plant cell
and tissue culture as well as by fermentation, and chemical symthesis.
It is also expected that the discussions will cover the establishment
of research and development programs, scientific and technical manpower
training, industrial applications, feasible U.S.-Indonesia qxperata.on
in this field, and other topics required for the plan of action.

About 45;:etsa'xswezeinvitedtomismrkslqr—fivefrunthe
United States and 40 fram Indonesia. They came fram various goverrment
research and development institutes, universities, and state
enterprises. Acmrding to the most recent information, 30 Imdanesian

participants are present this morning.
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We are aware that Imdanesia is a newcamer in the field of modern
bictechnology, and that there is a lang way to go before we can
actively utilize it to help advance ocur imdustry. Therefore, it is our
sincere hope that this workshop will produce tangible results that can
be used to speed up the development of bictechnology in Imndanesia.

In canclusion, may I take this opportamity to officially exterd cur
appreciation to the U.S. National Research Council for its catimus
assistance and cooperation, to the U.S. Agency for Imtermaticnal
Development, to the distimguished participants, and to the Office of
the Minister of State for Research and Technology, the Agency for the
Assessment and Application of Technology, the secretary and staff of
the Indonesjan National Research Council, the organizing camittee, and
others who in one way or ancther made this warkshop possible.

Iast but not least I wish you all every suxess in your discussions
and deliberations and may your stay in Jakarta be fruitful and
enjoyable.
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APPINDIX B
Openirgy Remarks

Margaret Bomner
Acting Director,
USAID Mission in Indonesia

The U.S. Agency for Imtermational Development [USAID] is pleased to
be associated with the third bictechnology warkshop jointly presemted
by the U.S. Natiaonal Research Council [NRC] and the Imdanesian Naticnal
Research Qouncil [DRN] for several reasans. One reasan is the role
that USAID plays in pramoting the camtimiing relatianship between the
NRC and DRN. We believe that this is an important relationship which
serves the purpase of bringing together same of the top scientists fram
our respective cauntries. This is important fram both a micro and a
macro perspective. On the micro side it is significant in that the
scientists of both countries can share the latest in tachnological and
scientific advarcement with the potential relative benefits that might
flow fram such an exharge. The relationship is also important in a
macro sense in that establishment of strong ties between Imdanesia and
the United States in the scientific field has an influence in
strergthening the existing friendship between ocur countries.

When I first heard that steroids were to be the main topic of
discussion at this warkshop, I had an image of athletes, as we say in
the United States, "pumping iron," since as a lay persan the only
knowledge I had of steroids was its camection with building athletic
capacity. I fourd it puzzling that this topic had been chosen, but I
assumed that our two illustrious scientific organizations were not
going to be involved in pumping iron. And I was proven correct. This

is not cncerned with producing super human athletes. Rather,
it will affect an area of great interest to USAID and aone in which we
have had a long involvement in Imdcnesia—family planning.

The success of Imionesia's family planning program is known
worldwide. Through its determined efforts, the crude birth rate
decreased fram 46 per 1,000 population in 1970 to 33 per 1,000 in
1984. Sucxess also brings problems, however, and Imionesia's rapidly
exparding family plamning program requires an increasing supply of
caamtraceptives, including oral cnes. The distribution of these has
ircreased from appraximately 1-2 million cycles in 1970 to over 65
million cycles in 1985. With the current anticipated population
growth, and with over 25 million wanen in the childbearing age group,
it is estimated that over 150 million cycles will be needed by the year
2000.

Steroid contraceptives and drugs can now be produced industrially
fram sitosterols through fermentation. Moreover, sterols as raw
materials are relatively inexpensive because they can be abtained as
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by-praducts fram a mumber of agricultural products and fram tropical
plants. COmnsidering the impnrtamce of steroid comtraceptives in the
national family plarmming program as well as the high value of steroid
drugs, we are pleased to support Indanesia's efforts in producing
steroids fram indigencus natural products. FRurthermore, the
implication of Imionesia becoming possibly self-sufficient in the
production of steroid camtraceptives by utilizing irdigenous natural
resarces fits the goverrmemnt's policy of reducing imparts and
strergthening damestic praduction capabilities.

USAID is proud to be a part of this association. We would like to
cangratulate both the U.S. National Research Council and the Imicnesian
National Research Council on past sucresses fram earlier warkshops and
to wish you a fruitful exchange in this warkshop on the production of
steroid caqpxards for cantraceptives and drugs.
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Closing Remarks
Didin S. Sastrapradja

We have all listened carefully and discussed extensively the
reports of the warking groups and finally heard the repart of the
steering camittee. After three days of serious discussions on various
aspects of steroid campmrmds as aartraceptives and drugs, we noWw came
to the erd of our warkshop. I am very impressed with the results of
this meetirg in which all of you have suxessfully farmilated the
potantial sources of steroid aaprauds and methads of production. I
hope that the results of this meeting can be used as a basis for the
development of a detailed plan of action for implementation.

As I explained in the openirg session, Imionesia is paying serious
attentiaon to the development of a national capability in
biotechnology. The Office of the Minister of State for Research and
Technology is warking hard to farmulate "a development strategy on
bioctechnology" and is trying to identify priorities for action. I am
therefore canvinced that the ideas farmulated in this workshop will
cantribute significantly to the campletion of the strategic policies
that will lead to implementation.

On behalf of the Minister of State for Research and Technology, I
wish to extend ocur appreciation to all of you for your participation in
this meeting, and to the U.S. National Research Council, and
particularly to Mrs. Rose Bamnigan, for its aotimuus cooperation and
assistance.
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Workshop Agenda

DECEMBER 15, 1986

08.30-09.00 Registration

09.00-09.30 Opening Ceremay
Keynote Address

09.30-09.45

09.45-10.45

10.45-12.00

1.00-14.45

Prof. Dr. Didin S. Sastrapradja
Assistant (II) Minister of State
for Research and Technology

Dr. Margaret Banner
Acting Directar, USAID Mission in Imdonesia

Coffee Break

Presentation:

Development of Steroid Campaarmds as a Raw Material
for Drugs, by Drs. Utarto

Quairpersan, Dr. Susano Sacno

Rapportanxs, Ir. Sadjuga and Dra. Donowati

Presentation:

Extraction and Biotransformation Studies of Steroids and
Morphinan Alkaloids fram Indanesian Biological Resarces,
by Ischak Inbis, M. Pharm. and Dr. Susano Sacno

Quairpersan, Dr. Ponis Tarigan
Rapportaurrs, Dr. Hani Mochtar and Dra. Donowati

Presentation:

The Role of Plant Tissue Culture in Pharmacy
and Biotechnology, by Dr. E. Jahn Staba
Guairpersan, Dr. Gustaaf A. Wattimena
Rapportaars, Ir. Sadjuga and Dra. Donowati
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14.45-15.45 Presemntations:
Production of Steroid Camppanxds by Fermemntation,
by Dr. O. K. Sebek

Synthesis of Steroid Oral Camtraceptives Available in
the United States, by Dr. Hyun K. Kim

airperean, Dr. Panis Tarigan

Rapymrtars, Ir. Hasni Mochtar and Dra. Ratna Chardra
15.45-16.00 Coffee Break
16.00-17.00 Groxps.Disoxsim

(Breakirg into three groups)
DECEMBER 16, 1986

09.00-10.30 Groups Discussion (Indanesian paper
presented in each group)

10.30-11.00 Coffee Break

11.00-12.45 Groups Discussion (comtimied)
12.45-13.30 Lunch

13.30-15.00 Groups Discussion (contimen)
15.00-15.30 OCoffee Break

15.00-17.00 Groups Disaission (cantimed)

15.30-17.00 Groups Discussion (contimued)
Formulating canclusions and recamendations of groups

DECEMEER 17, 1986

09.00-10.30 Plenary Session

Qhairpersan, Drs. Utarto

Rappartaar, Drs. Taufiq Amin
Notulists, Drh. Ida Kusumah and Dra. Ratna Qhardra

11.00-12.00 Coffee Break

12.00-13.00 Closing Ceremony
- Report of the Steering Cammittee
- Coments on the Workshop by Dr. Monroe E. Wall,
Ghairman of NRC Panel
- Remarks, Prof. Sediono Tjandranegoro,
Secretary, Indonesian National Research Council
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- Closing Remarks, Prof. Dr. Didin S. Sastrapradja,
Assistant (II) Minister of State for Research
and Technology

13.00-14.00 ILunch
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Workshop Participants

STEERING COMMITTEE

Didin S. sastrapradja

A. M. Satari

Sediano M. P. Tjondronegoro
Qei Ban Liang

Utarto

Susano Saano

Haryanto Dhamrtirto

Rose Barnigan

Gustaaf A. Wattimena, Chairman
Livy Winata Gujnawan, Rappartear
E. Noeshardi

Usep Sutisna

Gunawan Indrayanto

Untiing Suwvahyano
Muchamad Sholichin
Puspa Tjandronegoro
E. Jahn Staba
Hasni Mochtar
Donowati
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Oldrich K. Sebek
Ida Kusumah
Mawarwati

Ratna Chandra

QRGANIZING QMMITIEE

Margaret Banner
Carol Carpenter
David Christensen
Hardijono
Donathus Pakpahan
A. B. Van Rennes
Edi Setiamto
Mochtar Machful
Moch Mochtar
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