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l. ·:he '.r:; ~ J,_, Comrni t tee ,)f Experts on l'harmac et:t ic:il s set up accordin~ 

to the rec:irnr:.endation of the First Consultation on the Ph3.rmaceutical 

~nd~1stry had con'rened its :neeting on 11-13 C'ctober 1982 in ~aris, France. 

L'he C:0mmittee re~omrnended th:it r_r:,llI\', in collaboration with the pro-

d:1cers from develored 9.tid develor ing countries, and assisted by con:::;ult'1nts 

and exrerts with in~1strial knowledge and experience, should undertake 

3. study which should provide non-confidential reference information 

r-::levant to t. ie trarisfer of technology for the manufacture of inter­

~e1iates ~nd bulk drugs, taking into account technical asrects, such as 

lr:.:el of production, magnit:.ide of investment, inT)uts, infra.structure, 

etc. Such studies could significantly Rid individual develo11ing countries 

in l:ilaterial negotiations for transfer of techr ·logy. l_/ 

.J. The economic feasibility of the production of bulk drugs and inter­

mt.Jiates on an industrial scale deI;ends among others on some special pre-

sufficient size of domestic market 

availability Jf financial resources for investment 

Good technology, and 

availability of infrastructure, etc. 

According to these prerequisites the production of a single bulk 

drug would be vi::i.ble if the market requirements ma.de the implemen­

tation of the appropriate technoloc;y economically feasible and the 

financial rP.sources for this investment which are high were available. 

rt :;hould be noted that the cost:; of investment of a manufactur·ing line 

for a single bulk drug are reasonable only if it could be produced in 

l~rge quantity with an µp-to-date technology and with a high yield. 

With LhP. exception of sc~e rtevelopir:g countries with large popula-

tion such a" Argentina, Arazil, fndia, Mexico, etc., the establishment. 

l/ Mef't,inp; 0f the C:om:nittee 0f F:xpP.rtc. on l'har.naceutical~;, l'aris, 
ll - 11 Or: to b(: r L 98;', !JN mo I 1 ·c. ~ ri 



~f manufacturing lines on an industrial ~'C3.lt.e for a :..'in,~le :·ulk 

dru.-: 
may be uneconomic si!lce these projects c'l~1 h3.rdly lie ju:; ti fied 

by the domestic market. 

3. In order to help those developing countries with small or moder'.lt~ 

market demands, the idea of mt1 ltipurpose plant for the mar,ufacture of 

essential drugs has been recommended. It has heen acce\·ted and applit:1i 

for small market and/or small quantiti€s for a considerable number o: 

years in the developed world. 

Based on the experiences of the develo11ed world, ti1e m·1lti! urr'-'-''. 

plant for production of essential drugs was !ir-:Jposed tli those develo;;ing 

countries which approached U~IDO with their interest. This activity af 

\.EiID>J seems to be very promising since pro,j.~cts have alre~d:; been ir.111.:-

mentec and others are under implementation. 

4. Af. reflect8d in the d5scussions of the CoI!l!!litte'~ of Experts on 

Pharmaceuticals in Paris, develop in~ countries sr,ould pro iuce the 'hulk 

drugs and their intermediates included in the illustrative list of 

essential dr~~~ of UNIDO as an alternative way to overcome the problems 

of the supply, availability and price~ of intermediate~ which alGo 

dominate the prices of the final ,:;:-oducts in most case~>. 

5. According to the above recommendations and some of the prerequi,;ites 

of the implementation of a phamaceutical pro,ject de:;cribed above, thi:; 

document will consider how the multirnirpos•: plant could he apf·lied ~·or 
the production of essential drug~.;. Thus, the production of pharmaceutical,; 

in small quantities .i.n a flexible unit with a small investmr:nt can bt: 

achieved. 

Bas•?d on the above facts and ~rr;11m·~nt:: an n.tv:mpt will be rna.rk to 

present the concept or the multiparpose piant, and study how the ;'.G 

es:~ential drugs of UNTDO can he fittf!d into these t'lexinle mariuf'a1.~t.urini:; 

fa.c i lit [e:;. 
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'.·rfJL'lll'URPOSE PLANT CONCEPT FclR P~0L'UCTIJ~r OF BULK DRUGS AND INTERMEDrATES 

G. . 2/ . . . 
,\,3 known, Le1ins - in the ea1·ly time of chemical technology has 

intr.:::>duced the concepts of unit proce~s and unit ope~ation. Examples 

of the first are chemical reactions such as oxidation, condensation and 

alkylation; the second is illustrated by operations such as filtration, 

distilla.,ion and centrifugation. This system had the advantage that 

botn entities could be described independently of the particular pro­

cedure, thus establishing knowledge of more general application. 'rhe 

synthetic drugs can be manufactured by several consecutive steps of 

;mit processes performed with a series of unit operations. 

Based 0n the similarity of the _E)roduction technologies of different 

synthetic drugs regarding the unit processes and unit operations involved, 

facilities for production of iifferent pharmaceuticals can be designecl 

and equipped. This type of facility can be referred as multipurpose 

p1'1.nt since several synthetic drugs can he manufactured in this plant 

either sequentially or to some extent simultaneously using a single 

series of equipmen~. It is important to note that if a sir1gle series of 

equipm~nt is used, the capacities of the :nachines on the production line 

have to be balanced. A double series of equipment or at J~ast more than 

one apparatus at some particular stens of the manufacturing process 

will obviously make the plant more flexiLle. 

ADVANTAGE.J OF MUL'T'TPURPOSE f'LA1I1' FOH l'H0T)UCT10N OF BULK DRUGS 
AND I '.'JTERMEDIA'l'ES 

7. The main technical and economic aJ.var.t1'1.{!'es of a m'..lltipurpose plant 

for the production of bulk drur;s and intermediates are as follows: 

ft is ideally suited to pr'.Jduce a nwnber of different synthetic 

drugs f~nd in small q'.mnti ties 

Relatively small investment is rr:11uirecl 

t:r:w products can be introduced at ln.te::- stages with minimum invest­

ment or even without investment 

'T1hf: production of any particu' ,1r drur, can be increased t0 a certain 

0xtent with marginal investment ta cope with an increased demand. 

:.!..._/ [.f~Wi,;, W.K., 1923, in Walker W.11.: f'rincipler; in Chemical EnP,in1!erinp;, 
· MacGra.w-Hill, New York 
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SE:...t:CTION OF ESSENTIAL DRUGS FROM u:nnc I LUJSTRATIVE LIST WHICH 
c:..:; a::: ?!nDUCED IN A MULTIPURPOSE PLANT 

3. Juring the selection of drugs to be produced in a ~ultipurpose plant 

one should keep in mind that ce~tain steps as unit processes of the pro­

dciction technology have to be ositted either because they cannot be 

carried out in the existing facilities, Qr because they require special, 

~ore sophisticated instrumentation. Since completely different equipment 

is required, fermentation proc~sses cannot be involved in the multi­

purpose plant for synthetic drugs. However, simple biotechnolog;_cal 

rrocesses, such as enzymatic decomposition steps can be performed. Pro­

duction process of a particular drug including a series of synthetic 

reactions may be based either on raw materials er an early or late inter­

m~diates in a gi7en multipurpose plant. 

9. Eased on the above criteria, some drugs can be immediately excluded 

fr·'.lm the 26 essential drugs of UNIDO because their production techr.ologies 

cannot be adapted in a multipurpose pl~nt. Benzyl-penicillin, cyanocobalamine, 

erthyromycin, streptomycin and tetracycline have to be omitted because 

thrir production is based on fermentation. The prc.duction of ethinyl­

estradiol + norgestrel, insulin and retiPol requires specia1 and more 

sophisticated instrumentaticn and blood derivatives have a completely 

different technology as oiological products. In the case of the remaining 

17 drugs, the alternative technologies should be studied in order to identify 

those unit processes which can be carried out technically. For the 

illustration of the above, basic technical information on these drugs, 

such as brief process description, process parameters and equipment, has 

been collected (Annex 1). 

It should be noted tha.t A.1nex 1 has limitations. First of all, the 

technical literature rarely gives technological details, therefore the 

process descriptions obtained from well-·established and videly used 

pharmaeeuticals text books can only serve as ar. alternative among many 

other synthetic processes. The process parameters such as temperature, 

pre:;sure anU. pH a.re obviously incomplete. 
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10. A ~·::-eliminary proccs:o economic analysis should. also be carried 

oat to dete:-mine whether the technclogy of ~hoice is eeonomically 

feasible. Seventeen drugs have been seiected out of the 26 essential 

drc.:.gs of UNID·J, which could be manufactured, based on raw materials 

or early or late intermediates, whenever the total sequence of the 

synthetic reactions cannot be performed, in a multipurpose plant. 

The list of these drugs is given in Annex 2. 

11. finally, it should be also noted that the main equipment referred 

in the Annex 1 for the production of synthetic drugG is the stainless 

steel reactor with its necessary ancillary parts as coo:_ers, heat ex­

changers, pres sure gauges, pH meters, etc. f1ther details regarding the 

necessary eq·c1iprnent are given in Annex 3 . 

DESIGN AND EQUIPPING CF A MULTIPURPOSE PLANT 
12. Based on the similarity of the production technologies of different 

synthetic drugs, multipurpose plants ~an be designed and equipped. 

The list of the most important equipment for a typical multipurpose plant 

is given in Annex 3. The capacity of such a plant should be optimally 

balanced to minimize the investment costs but meet the domestic demand. The 

design of capacity can be facilitated by the balanced diagram of intermediates, 

which gives an tstimate of the input and output quantities of intermediates 

for each unit process. It should be noted that also the time requirements of 

the individual unit processes have to be taken :nto account in this respect. 

13. rt should be emphasized that final decision on the design and lay­

out can be made when the production technologies to be transf~rred are 

available. Similarly, the purchase of eq~ipment can only be made after 

the agreement on transfer of technologies. 



Lae ot Ori& 

l. AC!:'l'YL SALICYLIC 
ACID 

2. AMPICILLilf 

3. ASCORBIC ACID 

~. BEIZYL P!!IICI­
L:.IK 

ANNEX 1 

Technical Information on 26 Essential Dru~s of UNIDO 

Brief Description ot Process 
Process Parameters 

Temperature Pressure ~ 

Salicylic acid is acetylated by heating with 
acetic anhydride in acetic acid as a solvent. 
Acetyl salicylic acid is then crysta\li~ed 
out by ~ooling the hot liquid. Then it is 
vaahed vith acetic ~cid and vater, and dried. 

I 

10-90° c 

D (-) - 2 - Phenylglycol chloride hydr~chloride is 00 C 
reacted vith 6 - eminope~icillanic ~cid in an 
aqueous solu·tion or acetone 

Die.ccton-ketogulonic acid is rdded to a 
dichloroethane-ethanol mixture and reacted 
at 65° C 

Produced by aulmlerged fermentation using 
molds autated troa peuiciliua ch17sogenum 

20-65° c 

l atm 1-9 

2-3 

• SSR Stainless Steel Reactor 

Equipment 

SSR• 

SSR a-

SSR 

Fermenter 



a.me of Dr~ ·-----
BLOOD DERIVATIVES 

Brier Deacriptio~ or Process 

Manufactured by cold-ethanol fractionation 
or hum.an pllJ.!Sma 

4.7-dichloroquinoline is heated ~ith l-CHLOROQUI1'E 
PHOSPHATE . • diethylf\.~ino-4-amino-pentane ror 7 hours. 

CYA1'0COBALAMil'fE 

DA.'oSO!'E 

DIETHYL 
CA.RBAMAZII!! 

The aixtur~ is dissolved in diluted acetic 
acid and made alkaline. The bese is 
extr~cted vith ether, dried, distilled and 
fractionated. Then it is combined vith 
phosphoric acid. 

Produced by submerged fermentation using 
intestinal micro~ganillllla 

Ben~ene and aulrUric acid is reacted to 
give pher.yl sulrone vhich is nitrated, 
then re~uced to give dspsor.e 

l-methyl pipera~ine dihydrochloride and 
diethyl ccrbamyl chloride are reacted in 
sodiurt hydroxide solution and extracted 
vith ether. Th~ ether aoluti~n is saturat­
ed vith dry hydrogen chloride, filtered 

Process ParlLl!leters 
Temperature 

-5 - o0 c 

88-180° c 

l0-l50°C 

Pressure PH 

3-7 

mild 
acidic 
mild 
alka­
line 

From 
neutral 
to aJ.ka­
line 

-

Equipment 

SSR 

SSR 

l"er.menter .._., 

SSR 

SSR 



Raae of Drug 

10. ERYTHROMYCII 

11. E"l'HAMBUTOL 
HYDROCHLORIDE 

12. E'l'HIHYLESTRADIOL + 
IORGESTREL (LEVO) 

13. nJROS!MIDE 

14'. HYDRAIAZIIE 
HYDROCHLORIDE 

Brief Description of Procefts 

Produced by submerged fermentation using 
streptomyces erythreus 

2-L'llino-l-buta.nol and ethylene dichloride a.re 
heated nnd then ~reated vith methanol and 
sodium hydroxide. 1'he product is recrystalliz­
ed vith ethanol. Finally recrystallized with 
~n ethanolic hydrochloric acid. 

Synthesized in 30 - 60 consecutive 
reaction steps 

3-sulfamyl-4.6-dichlorobenzoic acid e.nd rurru­
rylamine are heated in diethylene-glycol­
dimethylether. It is cry9tallized vith ln 
hydrochloric acid. It is puritied vith ln 
sodium bicarbonate solution, precipita-~ed 
vith hydrochloric acid, nnd recrystallized 

.with diluted ethN\ol. 

1-chlorophthal.azine is heated vith ethyl 
alcohol and hydrazine hydrate. The product 
is then filtered and vashed vith ethyl 
alcohol. Then it is crystallized fro~ 
methyl alcohol. The final product is 
obtained on vanning in diluted hydrochloric 
acid. 

Process Parameters 
Temperature Pressure PH ~ ui:pment 

26° c 

83-165° c 

206° c 

172uC 

Fermenter 

Alkaline SSR 
to acidic 

Mild 
Acidic 

SSR 

SSP 

SSR 

T 

I)) 



1'a.11c or Drug 

15. IRSULI!f 

16. ISONIAZID 

17. MDERDAZOL!! 

. . 

Brier Descrintion or Process 

rt is extracted from the pancreases of slaughter­
ed animals 

4 p~rt~ o! 4-cyar.opyridine in 12 p~rts 
or vnter re~cted vith 4 parts or hydr~zi­
~e hydrate in p~esence of 0.03 p~rts ot 
sodiu.~ hydroxide. Cry~tnlli~ed from 
eth~nol 

4-Chloro-3-Nitro~enzophenone, 

.".~ .r i a, Meth·anol and Sulf olane 
jre heated and the reaction 
mixture is evaporated. The 
product is then precipitated 
and dried and crystallized. The 
mjxture of ~-Amino-3-Nitro­
Benzophenone, Methanol and Hydro­
chloric Acid !s hydrogenated. 
The ~Jlvent is evaporated an~ 
the residue is triturated in 
2-Propanol. 'l'he product is 
filtered, washed and dried. 
3,4-Diamino-Benzophenon Hydro­
chloride- is added to a mixture 
of ..;-:'-lctf1yl Isothiourea Sulfate, 
Methyl Chloraformate, Sodium 
Hydroxide and A1.:etic Acid. 
Finally Sodium Acetate is added. 
The final product i~ w~shed, dried 
and crystallized. 

Process Parameters 
Temperature Pressure _P_H __ __ 

100° c Nonnal. Al>: al.in e 

20 - 1250 c 5-8 l &tll 

!'.quipmeat 

SSR 

SSR 

SSR \D 



Rame of Drug 

18. PARACETAMOL 

19. PIPERAZil'fE 

20. PR!'.MAQUIRE 

~l. PROPRANOLOL 
HYDROCHLORIDE 

Brier Descript5on of Process 

P-Nitro Chlorobenzene is hyuro­
lysed and p~ra-nitrophenol is 
pre~ipitnted with diluted 
Sulrhuric Acid. Pnra-nitro­
phenol is reduced to P-Arnino­
pheno l, th~n is is acetylated 
with Acetic Anhydride. llle 
crude p~oduct is purified with 
activated carbon, filtered, 
vashed and dried. 

Mono-Ethanol-Amine· is the start­
ing mate~ial for the synthesis 
of Piperazine Hexa Hydrate. The 
latter is converted into Adipate 
Citrate and Phosphate. 

6-~ethoxy-2-Amino Quinoline is 
synthesized by three steps starting 
frum P-Anistdine. Th.ts·is treated 
with 1,4-Dibromopentane and 
Potassium Phthalimide f c1lowed 
by Hydrazin Hydrate. 

4.4 pe:-ts or l-chloro 3- (l-n~pht~oxy) 
12 p~opo..~ol and 16 r~~t~ of iso~ropjlruninc 
hented in n ~e~led ves~el. Cooled ~nd ~etcr 

~rocess Par6Jlletera 
Temperature Pressure PH Equipment 

Acidic to SSR 
alkaline 

Acidic SSR 

SSR 

SSR 
70-00° c ilornial 10 lf Hcl 

0 



1' ue of' Drug 

Continuatiol! 
21. PROPA!OLOL 

HYDROCHLORIDE 

22. RISERPID 

23. RETIROL 

211. STREP'l'OMYCII 

2 5. SULP'ADIMIDID 

26. TE'l'tU.CYCLIIE 

Brief' Description or Process 

&~dcd.· Acidified v1th 2 N H ci ~nd ~n~~cd 
~i~h ether. Decolouri~ed n~utr~li~c1 n~d 
cooled. Filt~red vnnhcd nn~ cryst~llizc~ 
fro~ cyclohcY.nnc. Ba9e converted to hydro­
chloride trcatin~ ncetonc solution vith 
Hcl. Crystnllize~ frum propru\ol. 

By extraction from rauvoltia plants using 
methanol or acetic acid 

It is prepared by saponification 
of fish-liver oil and concentra­
tion of the Vitamin A in the non­
saponifiable matter by solvent 
extraction 

Produced by submerged fermentation using 
actin~ces griseus 

Nl-Substituted Sulfanilamid 
product is condensated from 
2-Amino-4,E-Dimethylpyrimidine 

.and Sulfonyl Chloride 

Produced by submerged fermentation using 
streptomyces aureotaciens or 9 4 .reptomyces 
viricli f'aciena 

Process Parameters 
Temperature Pressure PH F.quipt11ent 

SSR 

SSR 

SSR 

Fermenter 

SSR 

Fermenter 

-- -- r 

--
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APEX 2 

Se1ected drugs trom UBIDO illustrative list ot tiS&ential drugs 

vhich could be produced in a multipurpose plant. 

l. A~ALICYLIC Ar.ID 

2. AMPICILLilf 

3. ASCORBIC ACID 

Ii .. CRLOROQUIBF PHOSPHATE 

5. DAPSOR 

6. DI&TRYLCAJUWIAZINE 

1. r.nY:.:;"1'0L HYDROCHLORIDE 

8. r' JROS!'.MttE 

9. HYDRALAZIBE HYDROCliIDRIDE 

10. ISOILUID 

11. MEBl'JIDAZOLE 

12. PARACE'r~r.tOL 

13. PIPl'RAZIHE 

14. PRIMAQUINE 

15. PROPkATOLCL HYDROCHLORIDE 

16. R!SERPIIE 

17. SULFADIMIDIIE 



~-

1 

1 

1 

1 

1 

2 

2 

1 

Item 

Service equipment 
Steam Boiler 

Demineralized water plant 

Dealkalised water plant 

Water chilling plant 

Brine chilling plant 
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ANNEX 3 

Cooling tower (9F drop, s°F approach) 

Pump sets 

Air compressor 

Hot oil circulation unit 

1 Electrical control panel 

Process eguipment 

2 Glass lined reactor, jackettea with 
anchor agitator 

1 GL condenser 

1 SS condenser 

1 GL receiver 

4 SS reactor, jacketted with agitator 

3 SS condenser 

2 SS receiver 

1 High vacuum SS distillation unit 
comprising 200 L jack, distillation 
kettle, SS condenser, 200 L SS iack. 
distillatiuu iu:ttl~, ~S cunut!nser, 
200 L SS jack, receiver and oil 
sealed high vacuum pump 

1 SS jncketted pan with anchor agitator 

4 SS reactor jarketted with agitator 

4 SS condenser 

2 SS jacketted receiver 

2 MS rubber lined vessel with stirrer 

2 SS baoket centrifuge 

1 SS basket centrifuge 

2 MS rubbe"'." lined f i1 ter box 

Capacity 

1000 kg /hr 

3m3/hr 

3.Sm
3
/hr 

rO tr 

10 tr 

400 igpm 

400 igpm x 25 m hd 

30 cfm 

70,000 kcal hr 

1000 lit 

4.0m.2 

4.0m2 

600 lit 

600 lit 

3m
2 

500 lit 

200 lit 

300 lit 

1000 lit 

4m
2 

600 lit 

600 lit 

1200 ODD " 1000 ODD 0 

600 lit 



I • 

1 

1 

3 

1 

1 

l 

4 

1 

4 

2 

1 

Iter.-

SS jacketted filter box 

SS pressure leaf filter 
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Steam heated tray dryer of tray area 

- ditto -

ditto -

Steam heated vacuum dryer 

Watering vacuum pump sets 

High vacuum pu~p set 

Pump sets (ss centrifugal) 

MS rubber lined pump sets 

Glass reactor assembly with necessary 
ancillaries 

1 SS jacketted filter 

1 

1 

SS nutche filter with receiver 

SS pulveriser 

1 SS mechanical sieve 

2 

1 

SS ion exchange resin column 

SS blender 

Capacity 

600 lit 

IO mg. sold cap. 

30m2 

1Sm
2 

100.2 
12m

2 

16Gm3/hr 

s2oni3 /hr 

SO lp~2S mh 

SO lmp-2.J mh 

100 lit 

so lit 

2Skg/hr 

0.6 D'4 x 1.8 m ht 

2S kg/batch 
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