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SUMMARY

In this peper a synoptical account has been presented of a
projact for the production of @ pharmaceutical drug Ethambutol
oovering the entire gamut of process starting from the bench scals
reseerch followed by economic feasibility study, pilot plant test,
successful trensfer of technology, designing end construction of
commercisl plant and then eventually up to the point of normal

production opsration of the plant,
\

Through this project, it was learned tl;nt a successful ecom-
pletion of a research would require not only the faithful accomplish-
ment of contractusl cbligations that behoove the industrisl research
erganisation involving scientific and technical upee; of the
project but also demand a closely coordinated efforts of the insti-
tute and the client to provide effective solutions to all the cons-
traints and problems that are often feced in the course of R & D

asstivities in a developing country with all {te hdi.;ohm probleme.

Te cite some of the major difficultiss that had to be tackled
with in the courss of the project, which are 1) the patent dispute
resulted froem the foreign patent holders, 2) the troubles fomented
by the domestic firms ia the eales business 3) the necessity of waing
now |urtm rav matsrial caused by the imposible Qunly of intex-
sediate immd,-u 4) the question of vho has to take the risks o

expensive pilot plaat test.

These problens have all found s sstistactory selution one by one

with positive government suppert to earty the projest to a svecessful

commereialisetion,




I. INTRODUCTION

Industrial resesrch in developing countries is in itself &
most tficky um_hrttking involving built-in d}fficultiu and
constraints, Thers are, however, still greater diff;culticn
uaf knotty problems to bs faced in the course of implementing
the ressarch rasults on a commercial level. This papsr is
intended i:o provide a case study W (d-othyicnod:l-

/'_ L .
smino-di-1-butanol dihydrochloride) procese that KIST has

daveloped. The point of u"udy is not to provide an academic
account on the new method of synthesizing the Ethambutol, .I\Ot

the tschnical explanation bf on;imrtnj pro!;lm on cmreﬁl
scale productton,' but rather {s intended to ciphtn tbc:'i\nci‘u
of wvarious difficulties that wers oncouaurd from the point of |
bmh.uah rssearch up to the evsntual goal of commercialisatiom,
and hov all these difficulties were overseme to sarry the projest .
te a practial reality,

™he nature of ditﬂcnuu ua' the couric of euﬁrchlintn.
the Mﬁntrul rﬁurch videly éidfwre from each oihcr Jcnndtvj
on the field of iﬁdlustry such as Eho elsctronics 1ndu|try,. the
shemical industry or the mechanical industry in view of the
nonuniformity of the level of industrialization, the level of
existing 't«hﬁology, the svailability of materials and manpower,
the dogree of development of related industriss and of the
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varietion in the govermmont policies. Even in the same industrial

field, thc chances for success vary on each individual project

‘ dcpendin., on the nature of prvoje.ts, and one of tlu most impor-

tnnt conudcutiom affecting ths chances of uuccou nay be the
mturc cf background and experiencos possessed by those to vhom

{.hc toehnélogy is to be transforred after cﬂp‘h'tio"n of research,

Tt

The reasons for taking up the Ethambutol project 1n uluqt-
_ Sy

nnn; the case of Runrch, Development and Engineering ats that

‘1) 1t roquired conparatively nophiotiuted synthesis ‘route along

\m:h high level tcchnology, 2) the existing sise and structurs’ of
u!n mnrktt wes of a compnratively complicated nature, 3) ‘the
pntont position 1nvolvod a complicacy, 4) the project itulf
vu of an 'mteg'rnted' nature involving 'nll the prbeau'ltlrtlng"
!ten the bench scale research through pilot tost and iimlly to
th; e.onuruction lnd operation of a commercial capacity plant,
and that 5) the p'ro'jlct my be taken as an exemplary caee where

a slose uink of cooperation was .eintained mot on.; with the

preject sponsor but'with the goverrment throughout the entire

- process of project progress.

11. DACKGROUMD OF THE PROJECT

A. Pharmaceutical Indystry in Kores
. lLacgely due to thu positive gowrmnt support, lom s

chemfcal . hulu-try hay achieved a remarkable dcnlomt Curtu




the past decade, and most of the basic chemical indusiries

have grown to international scale with result of stimulating
related industrics in the down stream side, Accordingly, the
varicty of locally available chemicals has become diverse and
thus a ground is beginning to be established for a rapid
d\ovqlempt of the so-called fine chemicals industry ineluding

phamaceutical matcrials, aprochemicals, dyestuffs, etce

For the moment therc arc some 270 pharmaceutical companies
in Korea and their combinced annual domestic sales procceds are ‘
in the cquivalont ef US$200 million, The average annual import ; ‘
requiroment of phammacoutical raw materials during the reéent
years stands at around US$60 million. Annual incrcase of demands
for mrﬁll pharmaccutical materials 1is at the rate of approximately
3J0% for each ycar up to 1975, Of the requirement, some 30% of

the total materials nced is being met locally,

In retrospoct, there virtually did not exist pharmaceutical
industry in Korca until around 1950 with foreign pharmacecuticals
soming in in packaged form for local distridution. Subncquontly;
techniques of tabletting and capsulation has gradually been
tnl:.rnlucld for processing imported pharmaceutical chemicals, and
theso lecondnfy pro..-sing techniques matched with development of
pecking method has shown a remarkable progress, The next stage

was to process the imported intermediate compounds with one or 3




two lest chemical step(s) to manufacture finsl products. In

" generel coincidence with the time of successful camplotion of

Ethambutol project, ths pharmaceutical industry of Korea began

to assume solid progress toward synthesising the entire process

sterting from industrial chemicels raw material to the final
M.‘o
gSome of the basic reasons that gave rise to tiu development

of Xerea's pharmaceutical industry to the point of mature industry

with the synthesis capability may be enumeratsd as follows:

1) Te multiply ths stsps of chemical procsss meant increased
sdded value of the products, which prompted impetus for
research and development of synthesizing method from

row materials for maximum profit margin,

2) The ratio of sales preseeds to the fimd investment
| 1s greater than in eny other chemical industry.

) There exists a stable domestic sales market with added
petentiality for export sales.

4) The government's policy of enceuraging to the development
of pharmaceutical imury. |

$) T™he industry has gradually been given & uhttnlj easier
seeess to the foreign mhnol;'y for 'chll l,‘thlilvl pro-

eees in spite of the esrlier diffieulty riulttu from
their relustence of revealing the process. This is because
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the holders of technologies realized that the technology
may eventually come by through local development or
that such technology may become available to the

domestic industry from other competing foreign sources.

3. Gevaxment Policy for Prowotion of Pharmaceuticsl Industry
\

To stimulate the desire for local development of technology
and also to promote domestic fabrication of manufacturing
fecilities, the government is implementing various incentive
measures. One of such measures is to protect the industry
for a epecific period of time when it is successful in producing
drug material through synthesis route as compared to simple
blending. Subject to the quality of end-product meeting specified
eriteria and vlun'it is reasonably foreseen that thes forecast
product would substantially fill the domestic need and yet at
reasonable prices, the govermnment would, after due deliberatioms,
iepose a limit on importation of the same drug either in finished
fora or in the form of intermedfate or would discourage development
of the ssme item by other competitors for a given period of time
ia the interes* of protecting the first producer. This means
that the processors of imported materials are always exposed to
the risk of loeing the estadblished market which is daveloped at
the .’.“-‘“_ of considarable monoy, time and labor in the form
of advertisement if they fail to start producing through chemical

process development in ample time, Another form of incentive




‘measures , though not necessarily limited to fhu'phamdc&uticnll' ’
Iinduott"'y,) is with the financial fav:l:'rs‘. ‘In spite of the rig’td"h'
taxation policy, the cost of rescarch goes untaxed as tax |
deductiblc expense when the research was for the development . ..
of nev technologies, for development of new products and processss
or\ for process improvement., In additionm, attractive long ‘term
;ovcﬂhént loans may be available in case of factory conutfhctiom

when it is built with dometically fabricated equipﬁehto.'

C« Market Situation of Ethambutol

The drug which now gocs in Korea by the trade name of
Ethesbutol was developcd in advanced countrics some 15 years b //

&Qo for trcatmnt of tuberculosis. The drug was initiilly

Utroduccd to Korea in 1968, For the first year of 1ntroducuon,
the smount of import was a negligible US$40,000. S8incs then, |
however, the demand for this drug has. recorded a drastic increase
at the rate of 50% for every year, and in 1972 the import nneM

a $1 million m'ark nﬁd further along it hit an all-time high of

$35 million for 1975, The gross sales volune of this drug throughout

the world is sstimated to exceed $100 million,

The cuent ‘who took up the lthmbutol production p:ojoct in
ooopluttm wtth KIST 1- a drug manufacturar utlblhhod in 1954
and in now oparntim wtth a total omployee of 900, producing lm
‘O‘du!lurunt itoms of drug yicldihg a total annual sales prbcudn'

of sbout US$ 20 million. In view of the govornment policy as



alrcady stated above, the client firm hiad a rcasonable prospect
of dominating the existing market once they were successful {n
synthesizing Ethambutol. Preliminary cconomic stuwdy also revealed
that they could produce Ethambutol at costs internationally

competitive,

111, BENCH SCALE RESEARCH
A}

A. Patent Dispute

The intermediate raw material for Ethambutol synthesfs, 2-
amino-1-butunol, (2AB), has optical active center so that when
synthesize a racemic mixturc, in which contains {somers of 1-and
d-form in equal quantity, is obtaincd. D-ethambutol is produced
from d-(2AB) and l-cthamhitol from 1-(2AB), This d-cthambutol i'l
effective for treatment of tuberculosis while l-ethambutol can
develop the side cffect of cyesight impediment. Therefore, it
wves annenti.al to resolve (2AB) optically to obtain d-(2AB) before

proceading with further processing steps.,

At time of contract with the clicnt firm, two foreign firms
of the most advanced countries already had their patent ripghta
registored in Korea. One of it specilfics method of obtaining
d-(2AB) from (2AB) by using tartaric acid and methanol, while the
Othc‘r is to synthesize Ethambutol by use of ethylene dichloride
on d-(2AB). Neither of the two patent holders was in practice
of production in Korea, but simply selling the final product to
Korcan dealers. Thercefore, the K18T project was apparently doomed

to fail unless it could succesafully develop a method of economie




eynthesis by a new process route. The gist was thet the

government would not license the production when it was

involved in a patent dispute. After 2 years of research, '
KIST team was eventually successful in developing ¢ new process

for obtaining Ethambutol from d-(2AB) by the following process:

Cflzoﬂ Cﬂzoﬁ
\ CH-NH~-C-C-NH-~
¢-(2A3) + dietyloxalate < | e

cnz 00 cnz

| |

Oty - %y

bis Oxalamide (OA)

o 0 . Pha™ e |
) )‘( s, CR-MH1-CH, ~CH, -¥R-CN
— — I |
Bt t | { Bt
4,4 '~diethyl-2,2 -bisoxaline Rehambutol

(p0)

The merit of this process wus to be found in ch’ higher
yteld, vis., 90% (DO) yisld fron d-(2AB), 90% Ethambutol yield
frem reducing (DO), thus obtaining a total yield of 80X as againet
the total yield of 65 - 70% as is claimed by the existing pateat
methods. PFrom the economic consideration, the improvement of
yield by 10% over the existing level had a tremendous signifieanee
in view of the costly nature of the drug that was selling for

an astounding price of US$120/kg at the time vhen ths project
was in progress. Though further process improvement has subsequently
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been developed on a commercial level to obtain still higher
y;lcld with less costly raw materials, the initial steps of optical
' resolution applied for the patent 1s illustrated as follows,
50% ethanol
(2AB) + d-dibenzoyltartaric acid S—
d-2-aminobutanol d-dibenzoyltartaric scid salt
\ | HC1 |

d-dibenzoyltartaric acid " 4~(2AB)

Patent rights were sought for thcse processes. The patent
rights, however, were not granted immediately but only after some
2 years of dispute involving various law suits. The time and L_abor
spent by research staff in the patent dispute in the meantime,
however, were an irretrievable waste, Thec trouble was heightened
by the strong challenge coming in concert from both the foreign
suppliers of final product and their Korean agents who were
importing the product for tabletting and sale in Korea. The
favorable outcome of the final court ruling might be influenced by
the fact that there were annéuncements of the establishment of
patdnt rights in other.éountries independently on shilar technology
of syntheaizing ethambutoi from oxazoline derivative subsequent to
the patent application in Korea; some 2 months later in West Germany
and also 2 years later in Japan. These two foreign patents had the

starting material in common with the KIST process, But: only differed

in reducing agent. In licu of borohydride, one used platinum-

rohdium cataiyst ‘while the other used platinum oxide and Raney nickel,
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‘B .thggc of Starting ﬂuteﬂal

It {r to be admitted that na'm;.tion of chomicals for the
starting material may constitute onc of the most important factor
affocting the final outcome of the project concerned in an
tndustrial research, In the choice of matcrial, 1) the initial
?onl!.dtntlon will be whether to use material extornally procured
or to synthesize it internally, which will involve such economic
eonsiderations as comparison of purchase prices wit_h:cont of
synthesising, the financial ability of the clients to meet any
additional capital investment, etc,, and 2) then further consider-
ations wvill be given to such other factors as corrosiveness,
tnflammability and boiling point of the material in order to
determine the methed of transportation and storage with possibility
of incurring nddicio.nal expemses. Still another point of |

considerstion will be that in procurement of materials the availa-

bility itself may often suddenly become insecure or the prices
ﬁy be abnormally iuggeratcd especially when the specific uwse of

the material is expoﬁd to the public.

subsequent to the &nch scale research, an sconomic feasibility
agsessment was nccessary in deciding whether the project should be
carried out. . Throughout the world there were ‘only one or two-
eonphniu producing the basic material (2AB), iwhe Also had & complete

- monopoly over the primary raw material of (2AB), vis., l-nitropropane,
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and they ware highly reluctant to quote on the desired material,
This émpollcd the KIST tcam to cmbark on a sacond atage research
to devalop sume other method of synthesizing (2AB) without using
nitropropane, After about a yeatr of rescarch, new KIST process
vas succensfully daveloped in which where butylene oxide is used
for the starting material, vhich, was to boc rcadily available

‘irom many countries, Tho process is illustrated as follows,

N
1,2-buthylenoxide ———?——) 1-amino-2-butanol
N280,
NaOt
.. wt
2-amino-1-butanol ¢————e 1,2-buthylencinine

(249)

'Co Goptractual and Othor Responaibjilitics

The original contract that KIST entered into with the clients
clearly defined the scope of rcsearch such that; 1) the research
is to develop method of synthesizing Ethambutol from (2AB), that
2). the reacarch is to develop method which would not interfere
with the existing patent held by others. Therefore, KIST would
not be held responsible for any failure of commercinlizstion for
causes asttributable to the failure of securing adequate supply
of material, (2AB). 1laugal rosponsibilitics aside, KI8T could

not afford the luxury of seeing the project end in 4 failurc which
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would frustrate the clients in their well meant 1nvintnnt in
ﬁnioptng new product, If the project failed, regardless of
the causes of failure, the fact vould seriously affect the image
- of 'nir 'u viewed from the industry, and this kind of disgrace
to the KIST reputation might constitute s catastrophic blow to

‘the development of KIST as a contrast research organisation, -

The inability of obtaining adequate supply of (2AB) prompted
KIST to develop a nev method of synthesizing (2AB) from other
material than nitropropane. Agreement was reached that KIST
would vee inhouse fund for the resesarch and that when the projest
ts swessssful the clisnts would remunerate KIST for the §e|n
fncurred in the form of a royalty at a fixed rate applicable on
the sales for a given period of time. 1In utfonpoct, it may be
safely asserted that one of the indomitsble reasons that contributed
toward succassful cm‘rcultution of the préjnct was the basic
stand upheld bf KIST that irrespective of the terms and conditions
of the contract and regardless of the whereabouts of nlfmntbtlity,
the effort should be directed toward acliuvin; final l'OIl and
whatevar the bottle-necks ill, KIST should find solutions as far as

sueh bottle-nacks are of the nature tht could be 'nolvu, on the

rvessarch side.




IV. PIIOT PLANT TEST -

Results of the bench scale research were satisfactory as
a vhole; the optical purity problem wasg better than .. the contrel
bample; the reproducibility was also satisfactory; the availe-
bility of all raw materials was satisfactorily established,
Butylene oxide was to be imported while all other materials were
locally available; and the yield of each synthesizing process was

satisfactory enough to assure sconomic soundness,

The bench scale results are, however, not to be taken as the
sole elements to be considered in designing a production plant,
On the level of plant design, there were other factors thst strained
the nerve of all those gonccrnad. Some of the most important
considerations were; 1) the method of synthesizing Ethambutol from
butylene oxide in commercial scale., 2) it was highly problematical
: ,c_l'to vhether a satisfactory yield could be assured on all multiple
total synthesis steps, and 3) if a fully balanced design cf
reactors, distillation columns and filters could ever ba achiaved
in order to assure total material balance. A rough budgetary
estimation uirulcd that the overall cost involved in the pilot

plant test would rcach as high as somowhere around 13 times of the

cost of benoh scale research., Let alone the incidental problems
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s ‘anumeratod above, there was to be no prior guarantee for an
" evental success, It also involved possibility of incurring
additio al expenses when the ne essity occurred for a change

© of designod equipments and facilities,

Such was too big a risk to be 'bom by the clients alone,
'\I‘utmtoly, the government has come to recognise the importance
of the projact and after a tripartite discussions involving the
Ninistry of Scisnce and Technology (MOST), KIST and :he cuoﬁto
there emerged an understanding for sharing the cost among the
p'nfuu concerned. The agreement was to share the coot' of pilot
plant test by the respective proportions of 1si by MOST, ”t by
KIST and 50% by the clionts. This arrangement was to be taken

" e a demonetrative case of project whare an integrated effort
'was made among the government, the industry and the research
organization in a sends of sharing the risks involved end with
the enthusiasm and hopes for a success of worthy projact irrss-

pective of the amount of money "nvolved.

5. Rilet Plant Operation

A pilot plant qt 10 metric tons yearly capacity was initially
sonstrusted. The plant was a preduct of patient and fully
ooordinated effort smong parties whose specialities widely difford
frem each other; the organic chemist having little expertise in
onginearing and the chemical engineers having little knowledge of
the synthesis method. Por instance, the solid-liquid separation
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will prescat no problem for chemist as it is to be done through
common [flteration procedure, however, it may require additonal
data for an engincer, such as, if the required material is to be
found in solid phase or in liquid phase, what is the size and
physical property of precipitate, vhat is the viscosity of liquid,
rhat {s the required rate of [ilteration, and yet what are the
processes to be followed before and after the separation step,
bocause thase data are to sidely alfect the type and capacity of
the filter. Yot, there arc cascg where certain information l; to
be taken for pranted as o foregonn conclusion to one party, while

1t would be considered as a most important information on the other,

KIST undertakes a resecarch project jointly in cooperation
with othe¥ laboratorics cf d{fferent ficlds. There may arise
certain pfohlcmu in the course of such cooperation in vicew of the
fact that each individual laboratory is operating on a separate
account system, The project leader §s to assume cntire
rasponsibility [or complotion of the project, while thu responei-
bility of laboratory manapement including the financial aspect
lios 1ndepéndcnt1y with the leboratory head. When additional work
foad is to be assigned éo the cooperating laboratorics, the project
leader is to be counted upon for an ndequate arrangement for
additional funding for the additional services out of the total
project fund, 1In this mechnnism, it may not alvays be an ensy
undertaking to achicve a complete funding cquilibrium, and

therefore a satisfactory completion of projects, cspecially when

R —
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lazger projects are involved, would usually demand exsrcise of |
the sense o. cooperations coupled with the sense of certain

sscrifics among parties concerned,

{

In the early stage of pilot plant test, the yields om
difleremt steps were generally found equal or evem bettar then
that established on the bench scele, Yor mumc'c,‘ in the step |
of optical isomer separation, vhich posed a difficult problem
ia the bench scale stage, the tlut results were much better in T
both the purity and the yield., IExcept for a few minor changss |
favelving redesigning of dietillation column and piping as were 4
aseess itated by .th.- change of solvent used, all processes ware
sarried out in & satisfactory manner, Dus to misestimations of
retontion time and other minor fsctors on different process, it
uay be noted that the plant fell somevhat short qf optimising
the ratio of product to capital investment, It provided,
m, all engineering data and reasonabls confidenca for
doedgning commercial plant with improved efficiency and inereased
productivity, | |

While the project was still in progress on the bench scale,
seny pharmaceutical companies were clamoring to import the
foreign technology of Ethambutol predustion with little swseess.
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At one point after the patent dispute came to an end in favor

of the projact and when the construction of pilot plant ﬁu

about to !tl.!..‘t, thoré still emerged a competing company who

filed to the government an official application for introduction
of foreign technology on production of Ethambutol from (2AB).
Yhanks to the govarnm'nt decision to encourage the salf-davelop-
ment of domestic tachnology, the approval on tha applicatiem had

been vithheld until the day vhen the pilot tast vas completed.

¥, TECHNOLOGY TRANSPER TO HE CLIENT

It took 9 months to complete tha pilot plant from the stage
of its dasign. Upon completion of initial start-up tast, steps
were initiated for transfer of technology to the client. The
trainess of the client initially selected for nchnicai orientation
ta&ludul 3 college graduates, 1 each from the rupa‘cuvc field of ‘
chemistry, chemical engineering and pharmaceuticals, and 50 high
school educatad technicians, who were to ba manned for 3-shit H
operation. The practice of recruiting client's personnel from
the early stage of test run. was from the idea to ensure an orderly
transfer of know-how, yet simultaneously reducing the operation
expenses on the KIST part, Inasmuch as the real mgit of know-how

is considered to lie not in a simple practice of operating the

plant on a normal level but rathar in tha tachnology that would
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simultancously provide & quick romedy for any functional disorder,
.4t wes considered a beet way t» expose the client's people to the
hezerd of mistekes in order to make them truly conversent with

What they were doing,

\ Thus the transfer of technology indicated a satisfactory

}ngnu to the extent that in the latter phass of pilot test

cjpution the plant vas running ontirqu on ths client's foree

.alm. Of course the test run was not without rueful mistakes,

nf instance, thars were seversl occasions when prepared batchas

had to be wasted at the expense of tens of thoudand d_olhn i
material cost. Ths product of test operations wes put up for

marketing test in order to ferret out the gensral reactions of

econsumers and the results were satisfactory.

The pilot plant sterted to assume routine operations in the
curn. ~f approximately 6 mont'iz, snd at this point the client's
engineers embarked on designing and building a 35-ton capaeity
plant on their own., The plent production was found on a satis-
factory level in general except for e minor trouble that resulted
from the change in one filtering cquipment from cmtrituﬁl to
schiebler type. The KIST team was, and still is, deeply involved
through all stage of plant operations for tha dual purpose of
trouble shooting end improving ths yield wherever possible,



All told, some 5 yoars time cl;pnud in between the point of
bench scale rescarch and the point of normal production operation
of the plant. In the meantime the structurc of industry in Kores
expericnced an extensive change. And along with the changes in
the industrial structure, the importance ol R&D has come to be
l‘t_maly folt upon the industry and at the same timo the researchors
themselves havo baen greatly encouraped to challenpe whatever
sophisticated projects with a sense of confidence bullt on the
sesumulated knowledge and expuricnces, In bringing about such
on encouraging turn of events, the Bthﬁbutol project may be

safaly ssserted to have donc its due part,
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