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Preface 

This study addresses the problem of tre decision-makin~ in the process 

development for the manufacture ot pharmaceutical chemicals ~nd intermediates 

bv or~anic ct~mical synthesis. It discusses in detail some of the imoortant 

tactors (e.~ •• available plant facilities, cost savin~s. convertible currency 

savin~s, avai tabi lity of s tartin~ materials and commerc;_al-sca le technolo~y) 

which Mu:.>t mtluence the initiation and conduct of a typical development 

pro~re:nme as well as the final selection of ~harmaceutical chemicals and their 

intermediates tor such pro~ra1111J1es. Nevertheless, further more detailed and 

definitive studies of technical feasibility and economic viability are 

stron~ly recommended prior to the actual initiation of surh pro~ra111Des or the 

purchas~ of a particular technolo~v for use in a specific ~eo~raphical area. 

The subject has been studied because of its industrial importance and 

social benefits to developin~ countries. This particular report is concerned 

with ETiMtthU'.OL Hydrochloride, a dru~ which is specifically effective a~ainst 

most strains of actively-~rowin~ Hycobacteria tuberculosis. The three other 

reports in the series are concerned with isoniazid, frequently administered 

concurrencly with ETHAMBUTOL for the treatment of tuberculosis; with 

chloroquine phosphate,~/ used widely in the therapy and prophylaxis of 

malaria; and with acetylsalicylic acid, a collllJlon anal~esic. Collectively, 

these four documents will serve as the basis for a preliminary, ~eneralized 

deci~ion-makin~ study. 

The Sectoral Studies Branch wishes to acknowled~e the contribution of 

Protessor Barna Mezey, Budapest Technical University, Hun~ary, for the 

provisJ.on of. essential information and for his comments and criticism in the 

course of th is ..,)rk. 

*I Tech'liccal and economic analysis of the manufacture of CHLOROOUINE 
Phosphate, UNIDO/IS.518. 



- l l l -

Contents 

1. INTRODUCTION 
1 

2. OBJECTIVES OF THE STUDY 
3 

3. BACKGROUND AND HISTORY 
4 

4. METHODOLOGY OF THE ANALYSIS OF FROCESS ECONOMICS 6 

4.1 Data 
s 

4.2 Brief descriptinn of the Model 11 

5. ANALYSES OF THE PRODUCTION OF ETHAMBCTOL HYDROCHLORID~ 
HULK SUBSTANCE ANO KEY INTERMEDIATES 13 

6. 

7. 

5.1 ETHAMBUTOL Hydrochloride production from imported 
(+)-2-Amino-l-butanol and Ethylene Dichlori<lP. 11 

'>.2 ETHAMBIJTOL Hydrochloride production from importe•I 
(~)-2-Amino-l-butanol and f.thyle~~ Dichloride 15 

'>.3 ETHAMBUTOL Hydrochloride prorlucti--n from Ac~t:·ir1itrile, 
RutPne-1, <:hlorine and Ethylene Dichloride 17 

EFFECT OF BACKWARD INT~GRATION ON THE PROCESS ECONOMICS 
OF ETHAMBUTOL HYDROCHLORIDE MANUFACTURE 

AVAILABILITY OF ETHAMBUTOL HYDROCHLORIOE, ITS KEY INTER
MEDIATES AND THEIR MANUFACTURING TECHNOLOGY 

20 

23 

R. OTHER POSSIBLE USES OF THE AVAILABLE INFORMATION AND 

DESCRIBEO METHODOLOGY 
25 

R.l F,stirMtion 0f thP quantities and values of 1n.1t·~rials 
requ i rPrl for the m.1nufacture of F.:THAMBUTOL ~-tydroch loride 2 5 

R.2 Estimation of the clisaggregated yiclrls and 
ch~mical input conversion coefficients 27 

R.3 Settirg technical development targets 28 

8.l• F:stimation of the price of i::hemical intermediates 29 

9. TRENDS AND FORECASTS OF DF:MANJ) FOR F.THAMBIJTOL HYDROCHLORIOF: 

ANO INTERMEDIATES 32 

9.1 Mnrl1iclity trencls for tuberculosis 32 

9.2 F:Tfl\MBll'1;'\', Hydrochlori<le consumption 36 



- lV -

9.J Pharmaceutical price trends 

9.4 Assessment of some external factors affecting 
ETHAMBUTOL Hydrochloride consumption 

37 

42 

9.4.1 Economic competition 42 
q.4.2 Therapeutic compP.tition 43 
Q ."- .1 IJther factors affecting F.THAHBUTOL Hydrochloride 

use 

9.5 Future prospects 

9.6 Short-term forecasts of ETHAHBUTOL Hydrochloride 
demand to 1990 

9.7 Long-term forecasts of ETHAMBUT0L Hydrochloride 
demand to 2000 

10. CONCLUSIONS AND RECOMMENDATIONS 

10.1 Major conclusions of the techno-economic analysis 

10.2 Alternative strategies 

10.2.1 
H).2 .2 
10.2.1 
10. 2 .4 
10.2.5 

Total b~ckward integration 
Advanced backwarrl integration 
M.nimum backward integration 
Purchd3e of ETHAMBUTOL Hydrochloride in bulk 
Some factors affecting the altP.rnative strategies 

10.3 Mark£t analysis 

10.4 Recommendations 

Annex 1 

Annex 2 

Annex 3 

Annex 4 

Annex 5 

Chemical synthesis of ETHAHBUTOL Hydrochloride 

A. Basic data of the pharmaceutical chemical 
R. Brief description of the production processes 

Chemical synthesis of (+)-2-Amino-l-butanol 

A. Basic data of the key intermediate 
B. Brief <iescripl'. i 0 111 ,,f the product ion processes 

Patent infor.nation on ETHAMBUTOL Hydrochloride 
manufacturing pro.:esses 

Patent infon...ition of (+)-2-Am1110-l-butan:>I 
manufacture of ETHAMBTJTOL Hydrochloricii; 

~anufacturers and suppJierR of ETHAMRaTOL Hy<irochlor:de 

45 

46 

46 

47 

49 

49 

51 

51 
52 
52 
53 
53 

54 

55 

57 

57 
58 

69 
70 

75 

78 

R2 



Annex 6 

- v -

Manufacturers and suppliers of intermediates 
fer the product ion ot ETHAMBlJTOL Hydrochloride 

Ahstracts in French, Spanish and Russi;111 

Tables 

1. Definition of important chemical inputs and outputs in the 
manufacture of ETHAMBUTOL Hydrochloride 

2. Chemical input conversion coefficients and percentage yif~lds 
of two hypothetical ~THAMBlJTOL Hydrochloride producers 

3. Prices of import.•nt chemical intermediatEs, raw m•tteri:ils, 
and by-product:; in the manufacture of F.THAMBlJTOL Hydrochloricle 

4. Cost and cost structure estimates of ETHAMBIJTOL Hydrochlori•l•! 
produc j,)n. i3:ickward integrati1m I 

5. Cost and C•>,:;t str.·cture estimates of ETHAMBUTOL Hydrochloride 
production. Backward integration 11 

6. Cost and ccist structure estimates of ETHAMBlJT()i, 'fy•lr-11chlnride 

production. Backward integraticn 111 

7. F. ffect of backward integration on the 1111 i.t l:1ital product ior. 
cnst s of F.THAMBTJTOL Hydroch lor icle 

R. F.ffect of hackwanl integration on the production cnst 
struct11re of F:THAMBUTOL Hydrochloric!•' 

9. Material requirements and some financial aspects of the <ltl•l"'tl 
product ion of 100 tons of ETHAMBUTOL Hydrochlnri1!e 

lP.. Estimated disaggregated yields an~ chemical input conversion 
coef"ic i~11ts in the manufacture of ETHAMRUTOL Hydrochloride 

11. Possibilities of impro~ing yields of chemical reactions in 
the manufacture of '.'.:THAMBUTOL Hydrochlori1le 

12. F.stim.:.it:on of the production costs of (+)-2-Amino-l-h11tanol 

13. F.stimation of the production costs of (+)-2-Amino-l-butanol 

14. Numb~r of tuberculosis cases reported by WHO regions, 1S67-1983 

l'i. i;;stimatP~ annual consumption of F.THAMBlJTOL Hydrochloride, 
198()/1982 

Hi. Pric1>s for F.THAMRIJTOL Hydrochlorid•! tr1blets availilhl,, in 
international tra~e 

8 

9 

1 f) 
t . 

~' 
~ 

lj 

15 

18 

2() 

')' 
'I 

26 

27 

?R 

31) 

31 

12 

17 

38 



- Vl -

17. Inclices <)f n•lative daily cost of standard dosages of 
:1r.tit11!-)erculosis drugs 43 

18. Current and future world-wide consumption estimates of ETHAHRIJTOL 
Hydrochlori•le and intermediatPs •~7 

A. 1 ETHAMBUTOL Hydrochloride product ion pr•J•:ess flo,,,_ ... :l,.,~ t; 
Backward integration I ~2 

A.2 List of main equipment for the production of ETHAMBUTOL 
Hydrochloride - Backward integr~tion I ~7 

A.3 Chemical consumption 1:1u~fficients and yields of 
<:::>-2-Amino-l-butanol synthesis - Route A 71 

A .4 Chemical consumption coeffic.•11ts ;rncl yields of 
(+)-2-Amino-l-butanol S}•nthesis - Route B 71 

1. Schematic illustration of the studied pr-.ic~ss of 
F.THAMBUTOL Hvdrochloricle synthesis 

2. IJnit price index 1970-1984, ETHAMBIJTOL Hy<lrochloride 

3. IJnit price in<lex lC)J()-1984, (+)-2-Amino-l-butanol 

4. llnic: price index 1970-1984, (+)-2-Amino-l-hutanol 

5. Unit price trend 1970-1984, Acetonitrile 

6. ~nit price trend 1970-1984, Chlorine 

7. IJnit price tn~nd 1970-1984, F.th~rlene Oichlori<lE' 

R. Unit price trend 1970-1984, Isoprop;inol 

9. Urit pric~ trend 1970-1984, Putene-1 

10. IJnit price trend 1970-1984, L(+)-Tartl'ric Acid 

ll. Tlnit pric.P in<lices 1971)-1();14 ETi-IAMBUTOL Hydrochlorirl•', 
(+)-2-Amino-l-hutanol 

1\.1 F.THAMBIJTOL Hydrochloride prolia.·tion process flow shef'I'.. 

Backward integration I 

7 

39 

19 

40 

40 

41 

!~ 1 

!d 

, ? 
f .. 

, ,.. 
'l l 



- Vil -

EXPLANATORY NOTES 

Prices and market valu~s are given in United States dollars. 

A collllla ( ,) is used to distinguish thousands and millions. 

A full stop (.) is used t0 indicate decimals. 

A slash bet~een dates (e.~. 1930/81) indicates 3 financial year. 

Use of hyphea between dates (e.g., 1980-2000) indicates the full period 
involved, includin~ the beginning and end years. 

The following forms have been used in tables: 

Three dots ( ••• ) indicate that data are not available or are not 
separately reported. 

A dash (-) indicates that the amount is nil or negli~,ible. 

A blank indicates that the item is not applicable. 

Totals may not add up precisely because of rounding. 

Besides the colllllon abbreviations, symbols and terms and those accepte<l by 

the International Systerr. of Units (SI), the following abbreviations have be~n 

used in this study; 

CAS 
wHO 
(+)-2AlB 
.+}-2AlB 
(+) 

(-} 
(+} 

c~P 

Chemical Abstracts 
World Health Organization 
( + }-2 -Amino-1-bu ta no'. 
(+)-2-Amino-l-butanol 
Dextrorotatory enantiomer 
Levorotatory enantiomer 
Racemic mixture 
Total production costs 
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KEY WORDS 

For the purpose of this study, certain repeatedly used terms are defined 

as follows~ 

l. Basic patent is the patent which describes first (a) a new process and 

the product/s/ prepared by this process, or (b) a new product or products 

prepared by known ~rocesses. Priority ;~ determined by the date of 

application and not by the date of approval/p~blication of the patent. 

2. Chemical input conversion coefficient is the number of u1a1ts of a 

chemical input required for the production of one unit of a chemical 

output. 

3. Material input consumption coefficient 1s the number of •mits of a 

material input req~ired for the production of one unit of chemical 

output. 'nle material input consumption coefficient differs from the 

chemica 1 input conversion coefficient in that it accounts also for the 

material loss occuring during physical operations, such as 

crystallization, ctryin~, etc. 

4. Convertible curr•:?ncy saving 1s the difference between the world-market 

price of one k~ of the pharmaceutical chemical and the cost of imported 

materials to produce the same, both expressed in SUS, disregarding the 

sin~le SUS expenditure of the investment and those elements of the 

conversion costs, e.~. energj', that might also have to be paid in SUS. 

5. Inte~ra,ed EIBAMBlITOL Hydrochloride manufacturer is a producer who 

synthesizes his (+)-2AlB starting fro:n (+)-2AlB or from a mere r~mote 

degree of backward integration. 

6. Key intermediate is a chemical input which plays a dominant role in the 

direct material costs. 

7. Model is a representation of an actual phenomenon such as an actual 

system or process. 
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8. Pharmaceutical chemical is a ct:emical substance used as the active 

in~redient of pharmaceutical preparations. 

9. Yield~ is the real quantity of a chemical output, expressed as percenta~e 

of the theoretical quantity of the same chemical output with referenc~ to 

a specified chemical input. 



l. INTRODUCTION 

UNIDO has drawn uo an illustrative list of phannaceut ical chemicals and 

~nterme<liates for loeal production in developing countries. This list 

furnishes a basis for countries to identify their own priorities and to make 

their own selection. This case study on EnlAMBlJfOL Hydrochloride is one of 

four int~nded to illustrate some imoortant technical and economic factors, 

which affect the deci~ion-making ;:>rocess of selecting potential candidate& for 

l 1 d . b . h . l . l/ oca pro uction y organtc c emica synthesis.-

This study provides basic information that should be taken into account 

also when operating and expanding an EnlAMBlJfOL Hydrochloride production 

plant, but it should not be interpreted as a fea~ibility or pre-feasibiiity 

study. Plans for actual investment would, of course, require in-depth 

ITldrketing, engineering and fin .1cial studies. 

The study has been org2nized so that the syntheses of chemicals and th~ 

relevant patent information as well as the lists of manufacturers and 

supp lie re; a re given in the annexes, whereas the technical and economic aspects 

of the production are analyzed in chapters 5 to 9. 

The technical levels of the studied technologies of ~THAMBlJfOL 

Hydr3chloride and key intermediates were estimated by comparing quantitative 

parameters, such as chemical conversion coefficients, material input 

consumption coefficients and yields and by analyzing the brief descript.ions of 

the chemical processes. 

The proce&s economics of ETHAMBUTOL Hydrochloride production were 

assessed taking into account three cost factors~ 

Key intermediates, 

Direct material inputs, and 

Conversion costs. 

1/ n1e other studies in the s~nes concern Jsonia~,id, Chloroquine 
Phosphate and Acetyls~licylic Acid. 
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Costs of key interm~diates and direct material inputs were calculated by 

using the material input consumption coefficients of the technology studied 

and annual average import prices of materials in different countries in 1982. 

In t,e analysis, an overall estimate variable has been used for the 

conversion costs which approximates the real costs of a large producer in a 

developing coun~ry. 

Profitability and convertible currency savings were estimated by 

subtracting the total production costs and direct material costs, 

respectively, from the world-market price of ETH:\MBUTCL Hydrochloride to 

conclude the economic feasibility of the process alternative studied. 

Tile patent information given in this study shows the result of the 

coq,uter search in all issues of chemical abstracts published between 

l January 1967 and 31 December 1984. Tilis patent information should not be 

taken as a guarantee that other process patents of ETHAMBUfOL Hydrochloride do 

not exist and/or are not valid in a given country. 
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2. OBJECTIVES OF 'IBE STUDY 

The main objective of the study is to outline a sectoral decision-makin~ 

model which can be used i.n the production prograume research sta~e of the 

pre-investment phase of the project development cycle to generate technically 

feasible and economically promising. or at least acceptable, ideas and to 

transform them into broad investmer.t propositions. 

To this effect, an attempt has been u1ade to assess available sources of 

technical and economic microdata for the manufacture of ETHAMBUTOL 

Hydrochloride and its intermediates, and to illustrate what can be done with 

the available information. Advantages and disadvantages of alternative 

strategies as a function of ·backward integration of the manufacturing process 

are described. 

It is hoped that this work will assist interested developing countries i.n 

the evaluation of offers for transfer of technology in the pharmaceutical 

sector as well as in setting technical development targets, estimating prices 

of imported chemical inputs and convertible currency demand for such imports 

for the local production of E'IBAMBUTOL Hydrochloride. 
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3. BACKGROUND A'iD HISTORY 

The antituberculosis effect of hydroxi iio:::.i.nes~/, among them 

EIBAMBUTOL, vas discovered in 1960. The basic patent (U.S. pat. 3,176,040 to 

American Cyan~~ide Co.) described the racemate. Yields indicated in this 

basic patent were low. 

Subse~uent studies revealed that the {~)-enantiomor~h of the substance 

- . - - - h "d h ( ) - 31 
exhibited 200 times more activity t an di t e - -isomer.-

Twency-six process ?atents were granted for the manufacture of ETHAHBUTCL 

in the y~ars 1967-1976; these related not only to preparation of optically 

active compounds but also to the i::??>rovement of quality and production 

yields. The intensive technical de•:elopment has also been reflected in the 

twenty-four process patents devoted to ~he preparation of the key 

intermediates, (+)-2AlB and (+)-2AlB, in the years 1967-1984. 

No new patents for ETIIAMBUTOL Hydrochloride have been published since 

1 
41 h b - h - d 51 f 976.- Althou~h t e asic patent as expire ,- a ew process patents, 

mostly c0ncerning intermediates, are still valid. 

The introduction in the 1960s of two new dru~s for the chemotherapy of 

tuberculosis - ETHAMBl1TOL and rifampin - chan~ed many of the concepts and 

practices that, were prevalent until that time. ETHAHBUTOL Hydrochloride has 

a distinct advantage over other anti tuberculosis dru~s in that b ac te ria 1 

resistance is very unlikely to develop rapidly. However ics price has 

precluded its more widespread use in developing countries where it is often 

2/ German pat. 1,251,770~ Verfahren zur Herstellun~ von aliphatischen 
Hydroiydiaminen und deren Saureadditionssalzen (1961). 

~/ Goodman and Gilman's The Phannacolo~ical Basis of Therapeutics, Vlth 
Edition, MacMillan Publishing Co., Inc., New York, 1980, p. 1206. 

4/ U.S. pat. 3,944,618. 

5/ U.S. pat. 3,176,040. 
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reserved for retreatment. Consequently, EntAMBl1rOL Hydrochloride is very 

probably still in the ascendin~ phase of the life-cycle curve, ~ainin~ wider 

acceptance as its price declines. 

Accordin~ to UNIDO estimates, about 425 tons of ETHAMBUTOL are sold 

annually worldwide. The total value of the market to manufacturers is some 

SUS 23 million per year and the total retail value falls in the re~ion of 

SUS 46 million, assumin~ that manufacturers' price amounts to SO per cent of 

the price to the consumer. 
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4. HEnlODCLOGY OF nlE ANALYSIS OF PROCESS ECONOMICS 

The process selected as standard reference to discuss the manufacturing 

technology of EnlAHBUTOL 3ydrochloride is illustrated in figure 1. 

Step-by-step technical and economic details .ire not all inanediate!.y 

available. However, 2t this preliminary level in the decision-ma.king, these 

are generally not necessary so, here, the manufacturing processes for 

different degrees of ~ackward inte~ration have been considered as single-step 

chemical reactions. Thus, e.g., the maximum degree of backward integration of 

the studied process may be described by the following equation; 

+ + 

4 x 56 .ll 

224 .44 

4x70.91 

283.64 

4 x 41.05 

164.20 

ClOH26 Cl2 N2 02 

277 .23 

277. 23 

+ 2C4 Hll NO 

2 x 89 .14 

178. 28 

+ 

+ + 

4 x 18 .02 

72 .08 

4C
4

H
4 

Ca 0
6 

4 x 188.15 

752.60 

+ 

4 x 150 .09 

600.36 

+ 4C
2

H
4 
o

2 

4 Ca(OH) 2 + 

4 x 74.09 

296 .36 

+ 8HC1 

c 2H4cl2 

98 .96 

98 .96 

4 x 60 .OS 

240 .20 

8 x 36 .46 

291.68 

This permitted the calculation of overall material input consumption 

coefficients in spite of the fact that such a reaction does not take place in 

the real manufacturing process. 

4.1 Data 

In table 1, the chemical formulae of ETHAMBUTOL Hydrochloride, its 

intermediates and raw materials were taken from various sources. The 

molecular weights are those giv~n in the United States Phannacopeia or were 

calculated usin~ atomic weights reconmended by the International Union of Pure 

or Applied Chemistry in 1978~ the results have been rounded up to two decimals. 

Table 1 does not contain data concerning reactants and products which are 

used i~ reactions not evaluated separately during the analysis of backward 

integration of EnlAHBUTOL Hydrochloride production. 
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:-~igu~e , s.~::ema~ic illustration cf the stt!:ii~~d t·ro\~~s~ cf E':'I~.i-:SLr~l:L 

E:.;drocUoride s::nthesis 

Backward 

NHz 
I 

CH3CHzfHCHzOH 

( W-.''-Amino-1-butanol 

Chlorin1 

COOH 
I 

HOCH 
I 

HCOH 
I 

COOH 

Lf.~J-Ta rtaric ltcid 

Backwrd mf19ration II 

1-stip nsolution 

(.}- 2-Amino-1-bu ta not Ethylene Dichloride 

Boclnlard int1gration I 

CH
2

0H 

ETHAHBUTOL Hydrochlorid1 

1cr 
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Table 1. Definition of import3nt chemical inputs and outputs i~ the 
manufacture of ETHAM&ITOL Hydrochloride 

Name 

EntAMblITOL Hydrochloride 

EntAMBllfOL 

(+ )-2-Amino- l-butano 1-

Ethylene Dichloride 

(+)-2-Amino-l-butanol 

L(+) Tartaric Acid 

(+)-2-Amino-l-butanol 
L(+)-Tartrate 

Calcium Hydroxide 

Calcium Tartrate 

Butene-1 

Chlorine 

Ac et on it rile 

Hydrochloric Acid 

Acetic Acid 

Water 

CAS re~istrv 
number 

[l'''•l-11-7] 

(J -55-5 J 

[%-20-8 j 

[ 107-06-2 J 

(%-20-8) 

(8 7-69-4 J 

a/ 

[ 1305-62-0 J 

(3164-34-9) 

[ 106-98-9) 

(7782-50-5 I 

[7 5-05-8 I 

[7647-01--0) 

r 64-19-71 

[7732-18-5 I 

Chemical 
formula 

ClOH26Cl2N202 

ClOH24 N202 

C
4

H
11

NO 

C2H4cl2 

c4HllNO 

CliH606 

C8Hl 7N07 

Ca(OH)
2 

c
2

tt
4
cao

6 

C4H8 

Cl
2 

c2tt
3

N 

HCl 

!I Non-c011111ercial compound; no CAS registry number available. 

Molecular 
weight 

277 .23 

204. 31 

89 .14 

98 .96 

89 .14 

150 .09 

239 .22 

74.09 

188 .15 

56 .11 

70.91 

41.05 

36 .46 

60.05 

18.02 

The molar chemical input conversion coefficient, F, was calculated 1:-y 

dividin~ the molecular weight of the chemical on hand with that of ETHA'1Bl1fOL 

Hydrochloride. 
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Material input consumption coefficients and/or yields (table 2) refer 

. l . l h f . f 61 bas1:a ly to the same tecr:no ogy, ence data rom d1 ferent sources- were 

pooled and the simple arithmetic average was taken for the avera2e performer 

(f
1 

and y
1 

value~), whereas the best consumption coefficients published in 

the literature (f2 and Yz values) were used to describe an ideal 

performer. Better figures were $Ometimes known, e.~. a large manufacturer 

reported a 0.82 (+)-2Al8 f
2 

value, but they were disregarded in the 

calculations it not published. 

Table 2. Chemical input conversion coefficients and percentage yields of two 
hypothetical EnIAHBlJfOL Hydrochloride producers 

Name F ft Yl f:z Y2 

( + )-2-Amino- l-butanol 0 .64 0 .99 65 0.85 75 

Ethylene Dichloride 0 .36 0.48 75 0 .45 80 

Hydrochloric Acid gas 0.26 0 .27 96 0.26 100 

( + )-2-Amino-l-bu tano 1 l.29 2.41 54 1. 9 3 67 

L(+)-Tartaric Acid 2.17 4.11 53 3.21 68 

Butene-1 0 .81 3.65 22 2 .68 30 

Chlorine 1.02 4.22 24 3.40 30 

Acetonitrile 0 .59 4.29 14 2.26 26 

6/ Wilkinson, Shepherd et.al., J. Am. Chem. Soc. 83,2212 (1961); UNIDO 
unpublished working paper·, UNIOO/ID/WG.304/6 (1979); UNIOO/ID/WG.331/4 (1980)·, 
UNIDO/rC.l!+ (1981); unpublished country project proposal; !JNIDO/PC.52 (1982); 
U.S. pat. 3,553,257, J,855,300 and 3,944,617; UNIOO correspondence (1983). 
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The chemical conversion efficiency was expressed in the literature in 

different ways. Data were ~iven sometimes as wei~hts of the input anc 

correspondin~ output, or real input conversion coetficients, or yields. When 

convertin~ these data into each other, f
1 

and t
2 

values were rounded up to 

two decimals whereas yields to inte~er numbers, because neither the accuracy 

of the cata nor the objectives of the study justify ~reater precision. 

F values were alsc rounded up to two decimals. 

The 1981-1~82 c.i.f. impor~ and domestic market prices of chemicals were 

available from different sources?_/ and the followin~ values, converted into 

SUS when necessdry, were selected for the techno-economic analysis (table 3). 

~able 3. Prices of important chemical intermediates, raw material~. and 
by-products in the manufacture of ETHAMBUfOL Hydrochloride ($US/k~) 

Name 

ETHAHBUTOL Hydrochloride 
{+)-2-Amino-l-butanol 
Ethylene Dichloride 
Hydrochloric Acid, ~as 

(+ )-2-Amino-l-butanol 
LT+) Tartaric Acid 

Calcium Hydroxide 
Calcium Tartrate 

Butene-1 
Acetonitrile 
Chlorine 

Isopropanol 
Methanol 
Ethanol 
Hydrochloric Acid 
Sulphuric Acid 
Sodium Hydroxide, 50l solution 
Sodium Hydroxide flakes 
Sodium Carbonate 
Carbon active 

Unit price 

54 .oo 
46.50 

0 .53 
0 .18 

8.92 
1.69 

0 .05 
0 .51 

0 .62 
1.00 
0 .17 

0.55 
0.20 
0.42 
0 .01 
0.08 
0.21 
0 .30 
0.16 
2.53 

7/ Dru~ Statistics, Ministry of Chemicals and Fertilizers, Government of 
India7Chemical Marketing Reporter, UNIOO document PC.52 of 13 Sept. 1982; and 
UNIDO correspondence with buyers and suppliers in 1982. 
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It is worth also menticnin~ that the prices of intermediates increased 

mere than the price or EntAMBiJrOL Hydrochloride in the studied period of time. 

4.2 Brief description of the Model 

The molar chemical input conversion coefficients, F, were ~alculated from 

the molecular weigrts ~iven in table 1. 

In tnble 2, the yields, y
1 

and y
2

, or the real material input 

consumption coefficients, f
1 

and f
2

, were calculated by usin~ the 

following formula; 

y .. 
1J 

F 
r. 

lJ 
100 

and, the unit direct material costs were calculated: 

c .. 
lJ 

= + + ••• + f .. p. 
lJ l 

+ 

(1) 

(2) 

takin~ the unit prices, p
1

, p
2 

••• pi from table 3. Data for cost of 

auxiliary materials of smaller importance, such as organic solvents and 

adsorbents, were not available for all degrees of backward integration and a 

proxy was added for the unit cost of 0ther materials, chj' to arrive at unit 

direct material costs, C ..• The proxy was based on published data~/ and 
lJ 

on own estimations taking into account real material input consumption 

coefficients and available unit prices. Data were scarce, 01· aot availal:>le, 

for other elements in variable costs such as direct wages c:r1d salaries, 

consumable stores, repairs and maintenance, etc. or in fixed costs such as 

depreciation, tactory and administrative overheads, etc. Since these co~ts 

vary accordin~ to the size and location of a plant, even within the same 

country, another proxy, C , based on published information in a developin~ 
. l 8 §/ Th . . 1 . country in 9 2 was used.- e u~1t gross profit or oss was obtained by 

suhtracting the unit total production costs, C , from the unit world market tp 

~/ UNIDO/PC.52 of 13 September 1982. 

'J/ Ibid. 
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price of ETHAM&JTOL Hydrochloride, or vice versa. The world market price of 

SUS 54 per kilo reflects the arithmetic average of the f.o.b. o·:otations of 

several European trading companies for the delivery of 1,000 kg of ETHAMBUTCT. 

Hydrochloride in 1982 .~/ 

Material costs were based on uniform quality specification of chemical 

inputs. Adequate power, water ~nd transport facilities were assumed available 

at the plant site. 

Three criteria were used in the evaluation of the different degrees of 

backwa.·d inte~ration~ technical feasibility, profitability and convertible 

currency saving. The methodology does not take into account any additional 

convertible currency investment costs in new or existin pharmaceutical 

chemical plants. The t"ethodology will therefore seI'\e as a tool to arrive at 

a first selection of technically feasible and economically promising 

alternatives, which should be studied in closer detail if a decision is taken 

to prepare an investment pre-feasibility study. 

Whenever the methodology described is used for decision-making in the 

selection of potential candidate compounds for domestic production, cost 

estimation sheets should be cotr.,>leted to conform to local conditions and to 

improve the reality of esti1nates in this study. 

10/ Dan~schat; Karl O. Helm; K & K Gr~ef; Marsing; Medimpex; Oxyde and 
Polfa-. 

I , , 
I 
I 

I 
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5. ANALYSES OF THE PRODUCTION OF ETHAMBUTOL HYDROCHLORIDE BULK SUBSTANCE AND 

KEY INTERMEDIATES 

5.1 ETHAMBUTOL Hydrochloride production from imported (+)-2-Amino-l-butanol 

and Ethylene Di ch lo ride 

EIBAMBtJTOL Hydrochloride is synthesized by reacting (+)-2AlB with 

Ethylene Dichloride; distilling the excess (+)-2AlB off under vacuum for 

eventual re-use; and diluting the residue with isopropanol or other solvents. 

The ?roduct is then precipitated as the hydrochloride by the addition of 

Hydrochloric Aci~ gas. 

The cost and cost structure estimates of the average performer and ideal 

performer a re shown in tab le 4. 

Table 4. Cost and cost structure estimates of ETHAMBUTOL Hydrochloride 
production. Backward integration I 

Cost element 

( + )-2-Amino- l-but ano 1 

Key inter~ediate costs 

Ethylene Dichloride 
Isopropano 1 
Other materials 

Direct material costs 

Conve•sion costs 

Production costs 

us& 

46 .04 

46 .04 

0 .25 
1.83 
1.17 

49.29 

5 .45 

54 .74 

84 .1 

84 .1 

0 .5 
3.3 
2.1 

90 .o 

10 .o 

100 .o 

C1 unit costs of the average performer 
C2 unit costs of the ideal performer 

us& 

39 .53 

39 .53 

0 .24 
1.23 
0 .90 

41.90 

4 .68 

46 .58 

84.9 

84.9 

0 .5 
2.6 
1.9 

90.0 

10-0 

100 .o 
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Table 4 shows that (+)-2AlB accounts for about 93 per cent of direct 

material and over 84 per cent of total production costs. 'nte total costs of 

the average performer closely approach but are not lower than the unit pr;ce 

of SUS 54 for ETIIAMBUTOL Hydrochloride given in table 3; however, the ideal 

performer falls almost 14 per cent below. Probably the major cost reduction 

factor in this process is the more efficient recovery of all excess (+)-2AlB 

for re-use. 

Thus, costs of the average performer reflect a unit gross loss of 

SUS 0.74 while those of the ideal performer show a unit gcoss gain of 

SUS 7.42. Predicated upou direct material costs, convertible currency savings 

are SUS 4.71 for the average performer but nearly triple that amount, 

SUS 12.10 for the ideal operation. 

A one per cent increase in the price of (+)-2AlB would increase the 

direct material costs of both producer~ by about 0.8 per cent. This ~ould 

result in an increased gross loss of the average performer by $US 0.46 or 

62 per cent, and in decrease of the gross gain of the ideal performer by 

$US 0 .40 or about five per cent. 

A one per cent improvement in the material input consumption coefficient 

of (+)-2AlB will result in an equivalent reduction in direct material costs 

and, conversely, an increase in the gross gain, assuming no change in the 

conversion costs. 

The advantages of this particula.- method of synthesis of ETHAMBU'i'OL 

Hydrochloride are that the gross loss for the average producer may be close 

enough to the break-even point to be easily converted to a gross gain; that 

the gross gain for the ideal performer is, at least, accepta~le; that 

production may be carried out in a multi-purpose batch reactor, possibly 

utilizing excess capacity; and that both the key intermediate, (+)-2AlB, and 

the conunercial-scale technology are available i"l international markets. 

The major disadvantages are that (+)-2AlB has been available from only a 

few suppliers and, consequently, its cost has remained relatively high. 
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5.2 ETHAMBUTOL Hydrochloride production from imported (~)-2-Amino-l-butanol 

and Ethylene Dichloride 

In this process, L(+) Tartaric Acid is used to resolve the (+)-2AlB 

before it is reacted with Ethylene Dichloride. The economic feasibility of 

this production is a.ded, somewhat, by the recovery of as much as 90 per cent 

of the Tartaric Acid in form of Calcium Tartrate as shown in table 5. 

Table S. Cost and cost structure estimates of ETHAMBUTCL Hydrochloride 
production. Backward integration II 

Cost element 

(+)-2-Amino-l-butanol 

Key intermediate costs 

Ethylene Dichloride 
lsopropano 1 
L(+)-Tartaric Acid 
Other materials 
L(+)-Tartaric Acid, recovered 

Direct material costs 

Conversion costs 

Production costs 

SUS 

21.50 

21.50 

0 .25 
1.83 
6 .95 
1.77 

-1.89 

30.41 

11.81 

42.22 

% 

50 .9 

50 .9 

0 .6 
4.3 

16 .5 
4.2 

-4.5 

72 .o 

28 .o 

100 .o 

C1 unit costs of the avera~e performer 
C2 unit costs of the ideal performer 

SUS 

17 .22 

17.22 

0 .24 
l.21 
s .42 
1.37 

-1.47 

23 .99 

10 .01 

34 .oo 

% 

50 .6 

50.6 

0 .7 
3 .6 

15 .9 
4 .o 

-4.3 

70 .6 

29 .4 

100.0 

In this procedure (+}-2AlB accounts for about 71 per cent of the direct 

material costs but only about 51 per cent of total production costs. 

Tne avera~e and the ideaL oerformer show unit ~ross ~ains of ~US 11.18 

clnd $US 20 .OO over the $US 54 price previously provided; convertible currency 

savin~s are $US 23.59 and $US 30.01, respectively. 
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One per cent increase in the price of (+)-2AlB would increase the direct 

material costs of both producers by about 0.70 per cent, reducing the gross 

gain of the average performer by SUS 0.22 or 1.9 per cent and of the ideal 

performer by Sus 0.17 or about 0.9 per cent. 

A one per cent improvement in the chemical input conversion coefficient 

will, conversely, decrease the direct material costs of both producers, 

increasing both the convertible currency gain and the gross gain of the 

average performer by SUS 0.22 and of the ideal performer by SUS 0.17, once 

again assuming no variation in conversion costs. 

Utilizing this particular m<!thod, the proportionate share of all che.nical 

inputs other than the key intermediate rises to about 27 per cent or more than 

triple that in backward integration I; the exar'" amount may vary, depending 

11pon the successful recovery of the L(+)-Tartaric Acid. 

The advantages of this synthesis are that direct material costs .1.re 

substantially reduced; that gross gain of about: 28 per cent is shown instead 

of a gross loss of about 1 per cent for the average producer, and the gross 

prof it is more than doubled for the ideal producer; that production may be 

carried out in multi-purpose batch reactors; that the required intermediates 

as well as the commercial-scale technology are available in international 

trade; and that the production does not require a much higher technical level 

th,1n backward integration I. 

One of the critical factors affecting the economics of this process is 

the price of L(+)-Tartaric Acid which, as noted earlier, ha'

wide range in recent years. The unit price of SllS 2.53 quoL, 

chemical at the end of 1984.!.!/ was about 50 per cent higher ti 

t:uated over a 

this 

.;.ted in 

tablE! 3. L(+)-Tartaric Acid at this latter price would increase direct 

material costs of both performers by about 15 to 16 per cent and the r.tp of 

the average performer by about 7 per cent and the C of the ideal performer tp 

by about 12 per cent, respectively. In turn, gross gains would be reduced to 

SUS tS.30 and s:1s 17.30 and convertible currency savings to SUS 20.10 and 

11/ Chen.ical Market Reporter, 10 December 1984, p. 42. 

I 
r , 
i 
I 
I 

I 
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$US 27 .31, renderin't the adoption of this method less attractive, particularly 

for an average performer. In a European country, on the other hand, the price 

of L(+)-Tartaric Acid was lower in 1984 than the reference price ~iven in 

table 3. Whatever is the case, the cost of L(+)-Tartaric Acid in the studied 

process represents about 23 or 16 per cent, respectively, of the direct 

material costs and C without recovery, and about 17 or 12 per cent, tp 
respectively, if 90 per cent of L(+)-Tartaric Acid excess is recovered from 

the mother liquor. Hence, fluctuations in the price of L(+)-Tartaric Acid 

affect si~nificantly both the C and gross profit of ETHAMBUTOL 
tp 

Hydrochloride manufacture, because the chan~es in L(+)-Tartaric Acid price 

cannot be fully reflected in the selling price of the pharmaceutical chemical. 

Another point to be considered is that the final yield from this process 

can be somewhat lower than those from backward integration I~ of major 

importance in maximizin~ this yield is the optimum recovery of excess (+)-2AlB. 

5.3 ETI-1.AMBUTOL Hydrochloride production from Acetonitrile, Butene-I, Chlorine 

and Ethylene Dichloride 

A third option is a more basic S}nthesis of ETHAMBUTOL Hydrochloride, 

beginning with Acetonitrile, Butene-I and Chlorine. 

Table 6 shows that both direct material and total production costs are 

lower than with either of the preceding methods. Consequently, the two 

performers show respective gross gains of SUS 16.71 and SUS 24.70 over the 

comparable unit price of ETI-1.AMBlITOL Hydrochloride. Convertible currency 

savings also increase to SUS 36.96 and SUS 41.47. 

Generally speaking, minor t luctuations in the prices of individual 

intennediates should not have as serious an effect on production costs for 

this method because, proportionately, none are as significant as the (+)-2AlB 

or (+)-2AlB utilized in backward inte~rations I and II. Nevertheless, as with 

backward integration II, a notably high price for L(+)-Tartaric Acid would 

reflect unfavourably upon the economies of the process. Once a'tain, applyin~ 

1984 prices, direct material costs would increase by about 18 per cent for the 

avera~e and 20 per cent for tht ideal performer; however, because of the 
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larger share of the C accounted for by conversion costs in this process, tp 
its increase would remain at about the same ma~nitude as in backward 

inte~ration II, around 9 per cent. Thus, convertible currency savin~s would 

be $US 33.50 and $US 38.70 and ~ross profits $US 13.20 and $US 22.00, 

respectively. The proportion still would be attractive from the standpoint of 

savin~ convertible currency but less attractive, particularly for the avera~e 

performer, from that of gross gains. 

Table 6. Cost and cost structure estimates uf ETHAHBUTCL Hydrochloride 
production. Backward integration III 

C1 C2 
Cost element US$ % usa; 

Acetonitrile 4.22 ll.3 2.26 7 .7 
Butene-l 2.26 6.l 1.66 5 .7 
Chlorine 0 .73 2 .o 0.58 2.0 
L(+)-Tartaric acid 6 .95 18 .6 5.42 18 .5 
Ethylene Dichloride 0.25 0 .7 0 .24 0 .3 
Isopropanol l.83 4 .') 1.23 4.2 
Other materials 2.69 7.2 2.61 8 .9 
L(+)-Tartaric acid, 

recovered -l.89 -5.l -1.47 -5.0 

Direct material costs 17.04 45.7 12 .53 42.8 

Conversion costs 20.25 54.3 16.77 57.2 

Production costs 37.29 100.0 29 .30 100.0 

c 1 unit costs of the average performer 

c2 unit costs of the ideal performer 

Additionally, it has been reported that the best results are obtained in 

h . . h . · 1 . f f . · 1 . d 12 ' t e reaction wit Acetonitri e i an excess o Acetonitr1 e is use .~ 

This doeg not appear to be the major contributor to the success of the ideal 

performer, judging from the data shown in table 6; however, it is a subject 

for consideration because Acetonitrile is one of relatively expensive 

12/ u.s. pat. 3,944,618. 
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components in the process and its price has risen steadily over the years. 

Recovery of Acetonitrile and Isopropanol, say with an efficiency of 

95 per cent, would play therefore an important role. 

There is no key intermediate in backward integration III, but special 

attention should be paid to the consumptions of L(+ )-Tartaric Acid and 

Acetonitrile, because they strongly affect both direct material costs and 

Ctp" All of the required materials are available in international trade 

and, althou~h the process is more len~thy and complex than that in backward 

integration II, it is technically feasible. However, it is still covered by a 

U.S. patent issued in 1976, 131 which may present a problem for prospective 

users seeking coumercial-scale technolo~y. 

The share of the conversion costs in Ctp is hi~her than that of direct 

materials, therefore, ~e~ral and technical mana~ement will play a dominant 

role also in process economics. 

~/ Op. cit. 
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6. EFFECT OF BACKWARD INrB;RATION ON THE PROCE~S ECON<»tlCS OF ETHAHBUTCI. 

HYDROCHWRIDE MANUFACTURE 

The cost estimates of the averaste and ideal performers provided in tables 

4, 5 and 6 are coq,ared in table 1 which indicates how the three different 

de~rees of backward inte~ration affect the C • Costs shown for tp 
L(+)-Tartaric Acid here have been reduced from those ori~inally shown, based 

upon the amount of chemical which is expected to be recovered durin~ the 

processes. 

Table 7. Effect of backward inte~ration on the unit total production costs of 
ETHAHBUfOL Hydrochloride ($US/k~) 

De~ree of backwarct inte~rat ion 
I II Ill 

Cost element C1 C2 C1 C2 C1 C2 

(+ )-2-Amino-l-butano l 46.04 39 .53 
(+)-2-Amino-l-butanol 21.50 17 .22 

Key intermediate costs 46 .04 39 .53 21.SO 17 .22 

Acetonitrile 4.22 2.26 
L(+)-Tartaric Acid 5 .06 3.95 5 .06 3 .95 
Butene-1 2.26 1.66 
Isopropano 1 1.83 1.23 l.8J 1. 21 1.83 1.23 
Chlorine 0 .73 0 .58 
Ethylene Dichloride 0 .25 0.24 0 .25 0.24 0.25 0 .24 
Other materials l.17 0 .90 1.77 1.37 2.69 2.61 

Direct 
materia 1 costs 49 .29 41.90 30 .41 23 .99 17 .04 12.53 

Conversion costs 5.45 4.68 11.81 10 .01 20.25 16 .77 

----------------------------------------------------------------------------------
Production costs 54.74 

Gross prof it --0 • 74 

Convertible 
currency savin~ 4 .71 

C1 •• ave rage performer 
C2·· ideal performer 

46.58 

7 .42 

12.10 

42 .22 34 .oo 37.29 29 .30 

11. 78 20 .oo 16. 71 24 .70 

23 .59 30 .01 36.96 41.47 

I 
I I 

I 
l 
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Table 7 illustrates the decrease in total unit cost of not only the key 

intermediates but of all materials directly employed as the de~ree of backward 

inte~ration increases; in fact, these costs can be reduced by 60 to 70 per 

cent by eq,loyin~ the third choice in preference to the first. 

Despite the fact that an expansion i.n backward inte~ration is also 

accoq,aniec by a concurrent rise in conversion costs, the savin~s in both 

total production costs and convertible currency continue to increase 

dramatically. This may be better appreciated by reviewin~ the percenta~es 

provided in tab le 8. 

Table 8. Effect of backward inte~ration on the production cost structure 
of ETHAMBUfOL Hydrochloride (per cent) 

Cost element 

(+ )-2-Amino-l-butano l 
( + )-2-Amino- l-butano 1 

Key intermediate costs 

Acetonitrile 
L(+)-Tartaric Acid 
Butene-1 
Isooropano l 
Chlorine 
Ethylene Dichloride 
Other materials 

Direct 
material costs 

Conversion costs 

Production costs 

Gross profit 

Convertible 
currency savin~ 

C1 

84 .1 

84.l 

3.3 

0 .5 
2 .1 

90 .o 

10.0 

100 .o 

-1.4 

8 .7 

C1 ave ra JOte per fonner 

C2 idea 1 per former 

I 
C2 

84.9 

84 .9 

2 .6 

0 .5 
1.9 

90 .o 

10 .o 

100 .o 

15 .9 

22.4 

De~ree of backward inte~rat ion 
II Ill 

C1 C2 C1 C2 

50 .9 50 .6 

50 .9 50 .6 

11.3 7 .7 
12.0 11.6 13 .5 13.5 

6.1 5 .7 
4.3 3.6 4.9 4.2 

2.0 2 .o 
0 .6 0 .7 0 .7 0 .8 
4.2 4 .o 7.2 8 .9 

72.0 70.6 45 .7 42.8 

28 .o 29.4 54.3 57.2 

100 .o 100 .o 100 .o 100 .o 

27 .9 58 .8 44 .!:I 84.3 

43. 7 55 .6 68 .4 76 .8 
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Here, it can also be seen that the costs of the two key intermediates 

play a dominant role in backward integration stages I and II, contributin~ 

very si~nificantly to the high proportionate share of direct materials in the 

overall syntheses; in sta~e Ill, the iq,ortance of the combined cost of all 

other chemicals, rather than one key a~ent employed, becomes dominant. 

Additionally, it is apparent that as the processes become more complex 

and the share of the C accounted for by the conversion costs rises, the 
tp 

need for qualified and experienced technical and administrative mana~ement 

will become more and more s~nificant as a means of not only controllin~ but 

also possibly reducin~ total production costs. 

Nevertheless, predicated upon the C shown for each performer at tp 
backward inte~ration sta~e Ill, the avera~e producer realizes a gross savin~ 

or profit on the Ctp of more than 44 per cent and the ideal producer one of 

about 84 per cent a~ainst the assumed $US 54 price of imported ETHAriBUTOL 

Hydrochloride. Additionally, both b~nefit from convertible currency savin~s 

of 31 to 46 per cent. 
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1. AVAILABILITY OF ETHAM.81.JTOL HYDROCHLORIDE. ITS KEY INTERMEDIATES AND THEIR 

MANUFACTURING TECHNOLOGY 

In an attempt to assess the availability of ETHAM.BUTOL Hvdrochloride, its 

key intermediates and their manufacturin~ technol02y, enquiries were sent to 

1<.. dd - . . d. . 14/ 
J a resses ~iven 1n various irectories.~ 

Twenty-five positive replies were received, 22 from industrialized and 

three from developin~ countries. The information contained in these replies 

is ~iven in annex 4 and 5. 

Althou~h the lists i;tiven in this study are based on correspondence with 

manutacturers and suppliers, they may contain mistakes and be incomplete. 

They reflect the situation as at the end ot 1':1~5. 

In addition to direct transactions between headquarters and affiliates, 

lar~e quantities of ETHAM.BUTOL Hydrochloride are sold on the open market 

throu~h international tradin~ houses, which keep stocks of the pharmaceutical 

chemical. Hence, ETHAH.BUTOL Hydrochloride is freely available in 

internatio"al trade. 

(+)-2Al.8 is manufactured and used in the pharmaceutical industry, 

exclusively for the production ot ETHAHhtrrOL Hydrochloride. The number of 

(+ )-2AlB suppliers is few and its market has an oli~op0listic character. 

(~)-2AlB is manufactured in the petrochemical industry and is ust>d in the 

synthesis o( surface-active a~ents, vulcanization accelerators and 

pharmaceuticals. As an emulsifying a~ent, it is also used in the cosmetic 

industry. The number of suppliers is few but the market price depends mainlv 

on value acceptable to the lar~e users,which is a favourable factor for 

pharmaceutical producers. 

14/ Directory of Chemical Producers, Western Europ-:., SRI InternaL;onal, 
CHEM Sources - United States, 1~83·, Pharmaceutical Tec•.nolo~v'. Chemical law 
Materials and Pharmaceutical In~redients, July 1982; JNIDO~ Directory of 
Pharmaceutical Chemicals and Intermediates, 1984·, SC.UP No. %5, 
16 January 1985. 
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Practically all of the L(+)-Tartaric Acid sold today is a by-product of 

the wine industry. It is used mainly in the soft drink industry, 

confectionary products, bakery products, etc., as an acidulant. Since the 

outputs of the wine industry, including by-products, depends on the quantity 

and quality of grape harvest and this chan~es from year to year, the current 

price of L(+)-Tartraric Acid is primarily determined by the supply side 

;_ ·.:ause the demand is relatively stable and predictable. The pharmaceutical 

industry has to pay the price of the principal users of L(+)-Tartaric Acid. 

Traditional manufacturers are located in Europe, hence the $US price depends 

also on the rate of exchange of the national currency against the dollar. 

Ethylene Dichloride, Butene-1, Acetonitrile, Hydrochloric Acid, CalcilDD 

Hydroxide, etc. are petrochemical intermediates or basic inorganic c~emicals, 

respectively, and they are mainly used for purposes other than the manufacture 

of EntAMBlJl'OL Hydrochloride. They are produced in large quantities by the 

chemical industries and are freely available on the world market at 

competitive prices. 

With the exception of (~)-2AlB, ETHAMBUTOL Hydrochloride and its key 

intermediates are produced both in industrialized and developing countries. 

Laboratory-scale technology is available from the literature, including 

alternative processes and routes, both for ETHAMBllrOL Hydrochloride and its 

key intermediates. 
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8. CYrHER POSSIBLE USES OF nf.E AVAILABLE INFORMATION AND DESCRIBED HETHODOLOt;Y 

Different users have different, sometimes conflicting interests when 

usin~ the available infonnation for their own purpose. For example, 

decision-makers concerned with health may want to purchase their supplies of 

Enf.AMBUTOL Hydrochloride at the lowest pos.;ible cost, without re~ard to 

source, whereas decision-makers who are more concerned with international 

balance of payments may be more interested in savin~ substantial am~un~s of 

convertible currency. For still others, the benefits of increased domestic 

industrialization may be the governiP~ factor. Superimposed overall, 

potential investors are seeking prof its and existing manufacturers are 

spendin~ money to further develop their technolo~y as well as to reduce 

production costs in general. The data provided in this paper should aid in 

analyzin~ aspects related to the above or other objectives. 

8.1 Estimation of the quantities anG values of materials required for the 

manufacture of ETHAHBUTOL Hydrochloride 

Chemical input conversiryn coefficients are regularly used to estimate 

direct material requirements for the production of a specific quantity of a 

given chemical in a given period. The same data reflect also the convertible 

currency saving and the profit or loss for the same quantities and time. 

Table 9 shows data for backward-integration degrees II and III of the 

manufac-ure of EntAHBtrrOL Hydrochloride. Here it can be seen that if 100 tons 

of the drug were produced locally, using backward integration II, an average 

performer might realize a convertible currency saving of about $US 2.4 million 

and a gross gain of over $US 3.0 million against the cost of the imported 

material. For the ideal performer, comparable currency savingn would be about 

25 per cent higher, $US 4.1 million, but the gross profit would almost double 

to SUS 2.0 million. These figures assume that not only the ke;r intermediate 

but also all other requisite materials cited are imported. Additionally, the 

gross profit will be taken in local currency if the total output is finished 

and consumed domestically. Tile importance of L(+)-Tartaric Acid revovery can 

also be appreciated by the approximately $US 190,000 or SUS 150,000 credit, 

respectively, to the annual total production coses of 100 tons of ETHAMBUTOL 

Hydrochloride. 

, ' 
~ 



- 26 -

Table 9. Material requirements (tons) and some financial aspects 
of the annual prnduction of 100 tons of ETHAMBUTOL Hydrochloride 
(thousand !lUS) 

Name Avera~e performer 
quantity value 

Backward integration II 
(+)-2-amino-l-butanol 241 2,150 
L(+)-Tartaric Acid 411 695 
Isopropanol 332 183 
Ethylene Dichloride 48 25 
Other materials 177 

3 ,230 
L(+)-Tartaric Acid, recovered - 189 

Total material requirement 3,041 

Convertible currency saving 2,359 

Gross prof it 1,178 

Backward inte~ration III 
Acetonitrile 422 422 
Butene-I 365 226 
Chlorine 429 73 
L(+)Tartaric acid 411 695 
Ethylene Dichloride 48 25 
Isopropanol 332 183 
Other materials 269 

1,893 
Tartaric Acid, recovered - 189 

Total material requirement 1,704 

Ccnvertible currency saving 3 ,696 

Gross prof it 1,671 

Ideal performer 
quantity value 

193 l, 722 
321 542 
223 121 

45 24 
137 

2,546 
- 147 

2,399 

3,001 

2,000 

7.26 226 
268 166 
340 58 
321 542 

45 24 
223 123 

261 

1. '.00 
- 147 

1, 25 3 

4, 147 

2 ,470 
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8 .2 Estimation of the disaggregated yield. 

coefficients 

d chemical input conversion 

The yields of individual or smaller groups of chemical reactions can be 

calculated by dividing the overall yield of the reactants by the overall yield of 

the relevant product (intermediate). Ute corresponding f value is obtained by 

dividing the relevant F with the disaggregated yield. 

Thus, it can be seen in table 10 that the most significant difference in the 

conversion efficiency between average and ideal producers of ETIIAMBUl'OL 

Hydrochloride is in the use of Acetunitrile in backward integration stage III, 

L(+)-Tartaric Acid in stage II and (+)-2-Amino-l-butanol in stage I. Both 

(+)-2AlB in backward integration I and Acetonitrile in backward integration Ill 

should be used in excess in the condensation reactions. Hence, their recovery is 

very important as regards the process economics. The same applies to the 

chemical recovery of L(+)-Tartaric Acid from (-)-2AlB L(+)Tartrate. The 

Table 10. Estimated disaggregated yields and chemical input conversion 
coefficients in the manufacture of E'lllAMBllfOL Hydrochloride 

Name 

~TilAMbUTOL Hydrochloride 
{+)-2-Amino-l-butanol 
Ethylene dichloride 

(+ )-2-Amino-1-butano 1 
( + )-2-Amino-1-butanol 
LC+) Tartaric acid 

(:_)-2 -Amino-1-but ano 1 
Butene-1 
Chlorine 
Aceto nit rile 

a 

65 
75 

83 
82 

41 
44 
26 

y 
i 

75 
80 

89 
91 

45 
45 
39 

F 
a 

0 .64 0 .99 
0.36 U.48 

Z.00 2.41 
3.37 4.11 

u .63 1.54 
0 .80 1.82 
U.46 1.77 

*I Figu~~s differ from those of table A.l due to rounding. 

f 
i 

0 .8 5 
U.45 

z .25~/ 
3.70 

1.40~/ 
t. 78 
1.18~ 

y ••• yield of the chemical output with reference to the given chemical 
input; 

f ••• conversion efficiency of the chemical input with reference to the 
chemical output under which it is listed; 

a ... average performer; 
i ••• ideal per former • 

• 

. ,. 
r 
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differences in the relevant material input consumption coefficients of the 

average and ideal performers can probably be attributed to the difference in 

their recovery ope::-ations. 

8.3 Setting technical develop~ent targets 

The comparison of the disag~re~ated chemical yields of the average 

performer and ideal performer for all backward-integration stages of 

ETHAMBUTOL Hydrochloride reveals that there are possibilities for improving 

conversion efficiencies at each 1.evel. The most notable among these have been 

cited already in section 8.2 above. Table 11 ranks them in descending order 

by per cent of difference. 

Table 11. Possibilities of improving yields of chemical reactions rn the 
manufacture of ETHAMBUTOL Hydrochloride (percentage) 

Product Reactant Yield 
improvement 

(+)-2-Amino-l-butanol Acetonitrile 50 
ETHAHBUTOL Hydrochloride (+)-2-Amino-l-butanol 15 
(+)-2-Amino-l-butanol L(+) Tartaric acid 11 
( + )-2-Amino-l-but ano 1 ( + )-2-Amino-1-butano1 10 
(+)-2-Amino-l-butanol B~tene-1 10 
ETHAMBUTOL Hydrochloride Ethylene Dichloride 7 
(+)-2-Amino-l-butanol (+)-2-Amino-l-butanol I 
(+}-2-Amino-l-butanol Chlorine 2 

(%) 

If only the possibilities of improving the chemical conversion efficiency 

are taken into account, then the order of technical development targets would 

be as fol lows; 

(a) Upgrading the technology of (!)-2AlB production with the specific 

aim of improving the chemical conversion coefficients of Acetonitrile. 

(b} Further refining the technology of ETHAMBIJTOL Hydrochloride 

production to afford both better yields and more efficient recovery of excess 

(+)-2AlB. 
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(c) Improving the yields of (+)-2A1B reactions not only with (+)-2AlB 

but also with L(+)-Tar~~cic acid. 

However, the economic aspects of the studied technology dictate a 

I'lOdified order of importance of the technical priorities as follows~ 

(a) Further refining of the reaction of (+)-2:\lB with Ethylene 

Dichloride because these m<iterials together account for almost 85 per cent 

of C and 94 per cent of direct material costs (table 4). If the average 
tp 

performer could achieve the conversion efficiency of the ideal performer only 

in this step, C could be reduced by about SUS 6.51 or approxima~ _ly 
tp 

12 per cent. 

(b) Improving the reactive yield of (+)-2A1B from (+)-2A1B which 

accounts for almost 51 per cent of C and over 70 per cent uf direct tp 
material costs (table 5). Assuming that the maximum indicated improvement 

were realized, C could be reduced by about SUS 4.28 or approximately 
tp 

10 per cent; direct material costs by about 14 per cent. 

(c) Upgrading the {+)-2A1B yield from the reaction of Acetonitri1e. 

TI1is could achieve savings of as much as SUS 1.96, reducing Ctp by more than 

5 per cent and direct material costs by over 11 per cent (table 6). 

Such calculations ma·f also he utilized in a different approach when the 

starting point is a desirable ETIIAMBUfOL Hydrochloride cost/price. The 

proportional difference between the desirable price and the I. is tp 

distribi.;ted among the intermediat ·, and the yields to attain the necessary 

cost reduction:; are calculated. TI1ese desirable yields can then he analyzed 

to determine whether or not they may be feasible in a corrmercial operation. 

8.4 Estimation of the price of chemical intermediates 

The production costs of d.emical intennediates such as (+)-2AlB and 

(+)-2AlB can he estimaU!d if the relevant data in tables 5 and 6 <ire clividPd 

hy the appropriate chemical input conversi::m coefficients from tablP 7. 
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Hence, in table 12 it costs the average performer an estimated SUS 33.86 

to prod.ice his input of one kilo of (+ )-2AlB whereas it costs the ideal 

perfcrmer SFS 31.72 per kilo. Both production costs are significantly below 

the $US 4b.5U price listed in table J. Such information can be very useful 

when negotiating the price of purchased chemicals. 

Table Li.. Estimation of the production costs of (+)-2-Amino-~··butanol (SUS) 

Cost elemer.t Cl Cz C1-C2 

(+)-2-Amino-l-outanol 21 • so 17. 21 4. 29 
L( +)-Tartaric Acid 6 • 9 5 5 .42 l.5 3 
Otl"2r materials U.60 u .4 7 u. lJ 
Tartaric Acid, recovered -1.8':1 -1.47 -0 .42 

Direct material costs 27. lb 21.63 5 .5 3 

Conversion costs 6 .36 5.33 1.0 J 

33.52 26.% 6.56 

1~,mvcrsion factor () • ':J9 () .8 5 

F.stimat2d unit production cost (kg) 33 .86 31. 72 2.14 

Simil.:ir calC'.1la::ion::; for (+)-2AlB show.1 in table 13 suggest savings from 

2 l tn 27 per cent over the cost cf $US 8 .9 2 per kg shown in tah le 3. llowevE r, 

the volume:; involved may have to be substar.tial to make this proposition very 

.1ttractiV(o because tl1e actual dollars realized rang;: from onlv SlfS 2.04 to 

SUS 2.44 per kg pruduce<l. 
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Table 13. Esti~ation of the production costs of (+)-2-Amino-l-butanol ($US) 

Cost element C1 C2 C1-C2 

Acetonitrile 4.22 2.26 1.96 
Butene-1 2.26 1.66 0 .60 
Chlorine 0.73 0 .58 0 .15 
Other materials 0 .92 1.24 -0.32 

Direct material costs 8.13 5 .74 2.39 

Conversion costs 8.44 6 .76 1.68 

Production costs 16.57 12.50 4.07 

Conversion factor 2.41 1.93 

Estimated unit production cost (kg) 6.88 6 .48 0.40 
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9. TRENDS AND FOf<ECASTS OF DEMAND FOR ETHAHBIITOL HYDROCHLORIDE AND 

INTERMEDIATES 

9.1 Morbidity trends for tuberculosis 

In 1982, almost l.b million cases of tuberculosis were reported to the 

WHO, down from a total of almost 2.2 million in the orecedin~ years~ however, 

rather than reflect in~ an actual decreasP, th is simply reflects an 

incompleteness ot retur,1s trom menber countries. Totals for 1983 a re even 

further from bein"' complete. 

Table 14. Number of tuberculosis cases reported in WHO re"'ions, 1967-1983 
(in thousands)~/ 

1967 1971 l'J75 1979 1980 l'J8l l'J82~/ 1983~/ 

World total 1, 160 ~]8 1,862 2, 109 2 ,101 2, 183 1,596 825 

South-East Asia 481 495 727 752 7 57 894 747 750 

E. Mediteranean 392 491 525 500 422 48 

Africa 212 98 30 117 110 l'J3 205 3 

W. Pacific 8 11 160 326 278 353 175 1 

Americas 168 207 187 213 218 6b 32 24 

Europe 291 227 306 210 213 175 15 

~/ Incomplete returns, particularly from the Western Pacific, Americas 
and European re~ions. 

b/ Incomolete returns from all re'1,ions except South-F.ast Asia. 

Source~ World Health Statistics 1984, WHO, Geneva (1984). 

Consequently, jud"'in"' by the returns trom the precedin~ three years 

(1979/1981), it appears that the overall nunber of annually-reported cases may 

be plateauin~. even thou~h there may be si~nificant yearly variations within 

the individual countries themselves. 
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The actual number of cases worldwide is, of course, unknown but 

previously published WHO extrapolations from the registered cases to the total 

l . lS/ h . 1981 th l h b popu ation~ su~~est t at in ere cou d ave een as many as 

7.3 million. Other estimates have placed the annual figure of occurence in 

developing countries as high as ten million, includin~ four to five million 

very infectious cases of smear-positive tuberculosis and an equal number of 

less infectious cases; the latter include those positive by culture only as 

well as culture-negative cases, the most frequent form of pulmonary disease in 

children. 
161 

At least three million (30 per cent) amon~ those reported are 
17/ 

believed to die from the infection every year.~ 

Although the WHO global target envisa2es that some communicable diseases 

in the developing countries will be of no greater public health significance 

in the year 2000 than they were in technically advanced countries in 1980, the 

current high incidence and the natural history of tuberculosis in man suggest 

that such a level of control would be extremely difficult to achieve during so 

short a span, although it is hoped that a substantial reduction in the 

magnitude of the problem may be achieved. 

It must be realized that the decline in tuberculosis in industrialized 

countries started long before the introduction of chemotherapy and partly 

h ld b "b d . . . . d. . 19/ s ou e attri ute to improvements in socio-economic con itions.~ 

Consequently, improving the quality and the rate of development of primary 

health care services as well as the degree of integration of case-finding and 

treatment in developing countries will aid but will not provide the ultimate 

solution to the problem. The combination of case-finding and chemotherapy can 

be a powerful weapon in eliminating sources of infection as well as suffering 

15/ A. Bulla, Tuberculosis Patients - how many now?. WHO Chronicle, 31-; 
279-286 (1977), Geneva, Switzerland. 

16/ Tuberculosis Control, Technical Report Series 671, WHO, Geneva, 
p. lO°""Tl982). 

17/ Ibid. 

18/ Global medium-term programme, progranune 13.8:. Tuberculosis. WHO, 
Genevi:" p.2 (1983). 
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and death. However, in areas where poor socio-economic conditions such as 

overcrowding, poor hygiene and sanitation, malnutrition and illiteracy 

continue to exist, effective control will be difficult to attain. 

Even if the effectiveness of the BCG vaccine - developed in the 1950s and 

most frequently used to protect children against tuberculosis - should be 

proven in more widespead populations, it can have only a relatively small 

epidemiolo~ical effect in that it will not contribute si~nficiantly to the 

reduction in the overall risk of infection in the coomunity as a whole. 191 

Additionally, chemoprophylaxis with isor.iazid can prevent the development 

of tuberculosis in individuals exposed to infection but its impact upon the 

comnunity vill be minimal because it cannot be applied on a mass scale, even 

. h . 11 d d . 201 l ld - be f in te~ nica y a vance countries.- Not on y wou it unnecessary or 

many people who, as adults, have long since built up an i11111a1nity to the 

disease but it would be costly and would foster even greater bacterial 

resistance which is already a problem with the drug. 

Consequently, in a majority of the developin~ countries there has been 

little, if any, improvement in the epidemiological situation. In fact, there 

has been an overall increase in the absolute number of tuberculosis cases in 

these countries during the last three decades because the population has 

doubled during the period.!.!/ These increases are most notable within the 

African, South-East Asian and Eastern Mediterranean regions. 

Data from the African region, even with fewer countries reporting, 

suggest a recent sharp acceleration in the number of identified cases, most 

notably in Ethiopia. However, this increase more probably reflects improved 

and/or expanded ide~tif ication of infected patients and/or more reliable 

reporting rather than rlramatic increase in the incidence of the disease. 

19/ Tuberculosis ControJ, Technical Report Series 671, WHO, Geneva, 
p. u-c ~;s2 >. 

20/ Ibid. 

!_!/ Ibid. 
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Data from the Eastern Mediterranean re~ion indicate a simil~r pattern. 

Within this area, Pakistan has accounted for an increasing share of the cases, 

reaching 77 pe~ cent in 1982. 

On the other hand, numbers from South-East Asia, where around 85 per cent 

of the identified patients are found in India, continue to oscillate around 

the ten-year averaf.te of about 740,000 reported cases a year. 

The Western Pacific nations also present an oscillating trend, even 

thouf.th Japan and the Philippines - two of the three countries where the 

problem has been most acute (the Republic of Korea is the other) - appear to 

be successfully reducing local incidence. 

The knericas also sug~est a rather status quo situation with North 

America (i.e., Canada and the u~ited States) ref.tisterinf.t about 14 per cent of 

the tot3l cases~ Central America, about ten per cent; the Caribbean about 

three ">er cent; and the South American continent upwards of 70 per cent. 

Brazil, individually, has exhibited an increasing number of identified cases, 

attainin~ about one-third of the Americas' total. 

Once again, a like profile is evident in the WHO European region where 

three diverse countries - Turkey, Poland and Morocco - collectively present 

between 40 and 50 per cent of all yearly cases. 

Despite the fact that the technically-advanced countries have achieved 

very substantial results in the control of tuberculosis through a combination 

of improved socio-economic conditions and advances in health care and therapy, 

the disease will occur in these areas - though at a decreasing rate - for many 

years to come. Specific problems, such as ind i~enous high-risk f.troups, 

refu~ees and immigrants from high-prevalence areas will cofitinue to require 

special attention, even thouf.th they are unlikely to have a sif.tnificant 

long-term effect on the overall tuberculosis situation locally. 221 

22/ Global medium-term prov,rarmie for tuberculosis (1984-1989), WHO, 
Geneva:- annex S~36 (1~83). 
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9 .2 EntAM.8lTfOL Hydrochloride consumption 

The WHO model list of essential dru~s contains six pharmaceuticals 

spec if ica lly for use against tuberculosis:. EntAM.8l1fOL, isoniazide, 

pyrazinamide, rifa~icin, streptomycin and a combination of thioacetazone plus 
. . "d 23/ 1son1azi. .-

Isoniazid, thioacetazone and streptomycin are the dru~s most commonly 

used, followed by rifampicin, EnlAM.8l1fOL and pyrazinamide. These latter are 

used only on a limited scale in developin~ countries, ~enerally bein~ reserved 

for retreatment because of high cost. thioacetazone normally is not used 

alone and is rarely used in industrialized countries. In both industrialized 

and developing countries, rifampicin and pyrazinamide are used for short-term 

h he he . h b . d 241 
c emot rapy w re i.t as een i.ntroduce .~ 

For the initial re~imen of therapy, a multi-dru~ approach is usually 

taken. This is because some may prove bactericidal against the causative 

bacceria population, some may be only bacteriostatic and some may be 

completely ineffective. 

In the ninth report of the WHO Expert Com.nittee on tuberculosis, two 

regimens are reconmended for use in developing countries~ (a) isoniazid plus 

thioacetazone, often supplemented by streptomycin in the initial intensive 

daily phase, and (b) a twice-weekly, fully supervised re~imen of streptomycin 

plus isoniazid, preceded wherever possible, by an initial intensive daily 

phase. The recomnended duration of both is 12 months. 

As a consequence of all of the above, the demand for ETHAHBUTOL 

Hydrochloride - which also is rarely used alone - in developing countries has 

been somewhat constrained. Nevertheless, it has been notable; annual 

23/ The use of essential dru~s. WHO Technical Report Series 722, Geneva, 
198S,p. 19. 

24/ Recent advances in the chemotherapy of tuberculosis, WHO Chronic le, 
34:101-103 (1980). 
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consumption for developin~ countries accountin2 for about 40 per cent of the 

worldwide total of reported tuberculosis cases was estimated (19~0/1982) at 

about 200 metric tons. 

Table 15. Estimated annual consumption of ETHAMBUTOL Hydrochloride, 1980/1982 
(metric tons) 

ASEAN countries 

India 

Ban2 ladesh 

Arab countries includin2 E~ypt 

97 

90 

l 

10 

198 

Source~ UNIDO, ID/~.331/4 of 26 September 1980, The pricin~ and 
availability of intermediates and bulk dru2s, p. 60. 

Assumin2 that - based upon the number of icientified cases - patients in 

developin2 countries represent about 85 per cent of the worldwide potential 

for anti-tubercular dru2s, this estimate of 200 metric tons may be projected 

to about 425 for all developin2 countries. Further assumifi2 that, based upon 

table 3, each metric ton has a value of SUS 54,000, the current market for 

ETIIAHBUTOL Hydrochloride in developin2 countries may be about $US 23 million a 

ye;'r. 

9 .3 Phan:,aceut ical price trends 

Time-series data for the prices of chemical inputs were rarely available 

from the Chemical Market Reporter and annual SUS price indices 1970-1984 were 

received for selected reactants and F.THAMBUTOL Hydrochloride throu2h 

correspondence with buyers. 

Fi2ure 2 indicates that the SUS price index of ETHAMBUTOL Hydrochloride, 

after peaking in 1974, has experienced a varyin2 trendline but, overall, a 

rather si2nificant reduction in price. Generally, with the exception of 1975, 

the price index of its key intermediate, (+)-2AlB, has followed a closely 

parallel course ( fi2ure 3). Some sections of the $US price trend curve of 

(+)-2AlB resembles those of (+)-2AlB (fi2ure 4). 
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The SUS unit price trends of Acetonitrile (figure 5), Chlorine 

(figure 6), Ethylene Dichloridf' (figure 7) and Isopropanol (figure 8) have had 

a ~radual, sometimes steep, upward trend. Butene-1 (fi~ure 9) prices peaked 

in 1981 and show a declining trend during the years 1982-1984. 'nte $US unit 

price of L(+)-Tartaric Acid (figure 10) fluctuates over a wide range, e.~. 

jumping from $US 1.25 in 1973 to SUS 4.13 in 1974, and shows and overall 

increasin~ trend from $US I.OJ in 197~ to $US 2.53 in 1984. 

A general cone lusion can be inferred from the price trend analysis; the 

price of the key intennediate, (+)-2AlB, used exclusively in the manufacture 

of the pharmaceutical chemical moves more or less to~ether with the price of 

ETilAMbUTOL Hydrochloride (figure 11), whereas there is no correlation between 

the prices of other input chemicals and that of ETHAMBUTOL Hydrochloride. 

bl 16 
. . 25 I 

Ta e provides prices- over the past six years for ETHAMBUTCJ. 

Hydrochloride film-coated tablets 400 mg. 

Table 16. Prices for ETIIAMBUTOL Hydrochloride tablets available in 
international trade 

Year 

1980 

1981 

1982 

1983 

1984 

1985 

Dfl 

52 .oo 
52.50 

79 .oo 
69 .oo 
64.30 

67 .so 

Price 
$US 

26.16 

21 .04 

29 .60 

24 .18 

20 .04 

22. 11 

25/ Price Indicators 1980-1985 of IDA lntemar iona 1 Dispensary 
Association, Amsterdam. 
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Fi~ure 11. SUS unit price indices 1970-1984 
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Tile overall chan~e 1980-1985 shows an increase in the Df l. price and a 

decrease in the $US price. Current prices have fluctuated widely durin~ te 

period. The rise has been about 30 per cent from Dfl. 52 .00 to Dfl. 67 .SO and 

the decrease above 15 per cent, from SUS 26.16 to SUS 22.11 for one thousand 

film-coated EntAMBUTOL tablets of 400 ~· nte Dfl. price was lowest in 1980, 

whereas the nadir of the $US price was observed in 1984. This example also 

implies that price trends in SUS mi~ht distort the picture of a national 

market in ~ener~l. and on the product level in particular. 

9.4 Assessment of some external factors affectin~ ETHAMBUTOL Hydrochloride 

consumption 

9.4.l Economic competition 

Safety, effectiveness and other factors bein~ equal, cost is the major 

consideration in the selecti0n of the drug of choice in a ~iven therapeutic 

cate~ory. Table 17 illustrates the comparative costs of som£ of the primary 

drugs used for the treatment of tuberculosis. 

.: 
• 
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Table 17. lndice~ of relative daily c~st of st~ndard dosages of anti
tubercular drugs 

lsoniazid 
lsoniazid and thioacetazone 
Streptomycin (injectable) 
ETHAMbUTOL Hydrochloride 
Pyrazinamide 
Rif.Jrnpicin 

Standard d~ily dose~/ 

300 m~ 
300/ 150 mg 
1 ~ 2x wk 
15 mg/k~/ 
35 rng/k~/ 
10 mg/k~_/ 

Relative daily cost!~/ 

1.00 
1.00 
'"!_ • 46~_/ 
5. 12 

18. 30 
22 .80 

a/ Expert Commitee on Essential Drugs, Information sheets: Section 7.9, 
antit~be~culosis drugs, WHO, Geneva, 1982. 

b/ Employing the closest standard dosage sizes and prices listed in the 
Inter~ational Dispensdry Association (IU\) Price Indicator for February 1985. 

c/ Oividing the cost of drug ~or two ad~inistrations equallv over seven 
days. 

d/ Assuming 60 kg of body weight. 

Admittedly, ~rice relationships of different drugs will vary dependent 

upon quantity purchased, so11rce from which obtained, country in which acc;uired 

and, in some cases, the weight of the patient. Consequently, they should be 

reasessed based upon the specific sit :ion. However, from the data presented 

here, it is evider,t that, on a daily basis, isoniazid or the popular isoniazid 

plus thioacetazone cumbination afford the most economical therapies. 

([soniazid is used alone for prophylaxis but rarely by itself for treatment.) 

Str1'pt•Jmyc in costs almost 2 .5 times and ETHAMBUTOL Hydrochloride over five 

times as much. Pyrazinamide and rifampicin are far more expensive than any of 

the others. 

~.4.2 Therapeutic compeLition 

lsoniazid has been categorized as the most effective antitubercular drug 

available; it is not only the most potent bactericidal agent against actively 

growing bacilli but it is .>lso t:he oniy one effective for prophylaxis. 

Nev~rtheless, resistant strains of tubercle bacilli can emen~e rapidly and may 

bt!COffi" domin.1nt imless th •. ! drug ls used in combination with various other 

agents. 
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ETH.AHBUTOL Hydrochloride has been shown to suppress the growth of not 

only isoniazid-resistant but also streptomycin-resistanc mycobacteria when the 

agents have been used together. Resistance to ETHAHBUTOL, itself, appears to 

d~velop in vitro very slowly and in a somewhat erratic manner. As a 

consequence, ETHAMBUTOL plus isoniazid, with or without the ad~ition of 

streptomycin has frequently been used for initial treatment of tuber~ular 

patients. In cases where some resistance appears to have developed or where 

retreatment is bein~ undertaken, ETHAMBlTfOL has also been used in combination 

with other, mostly second-line antitubercular drugs including p-aminosalicylic 

acid, cycloserine, ethionamide, pyrazinamide and viomycin. 

Generally speaking, all of the primary antitubercular agents discussed in 

this paper are ~ell tolerated and notable adverse effects will occur in less 

than five per cent of all patients; reportedly, these may vary from country to 

country and patient to patient. However, the number of patients in which 

treatment has to be discontinued pennanently is usually lower than three per 
26/ 

cent.-

The most notable adverse effect resulting from ETHAMBUTOL therapy is some 

loss of visual acuity. Isoniazid has been known to cause hepatitis and 

streptomycin ototoxicity. 'lhe latter may be potentiated by the concurrent use 

of thioacetazone. 

In programming an effective therapy, ideally the drugs should be chosen 

for their snecif ic activity against various types of bacterial population 

present in lesions. On lan~e populations of bacilli actively multiplying at 

neutral pH on the wal~ of pulmonary caverns the effect of isoniazid, 

streptomycin and rifamoicin is bactericidal; ETHAMBUTOL is bacteriostatic; and 

pyrazinamide is inactive. Against the small ba~terial populat:on that 

multiplies slowly in an acid medium inside macrophages (phagocytes), 

pyrazinamide is most effective followed by isoniazid plus rifampicin; 

26/ Recent adva.11l:t::::i 111 c:he chemotherapy of tuberculosis, WHO Chronicle, 
34 ; 101-10 3 (l ';180 ) • 

, ' 
!-
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streptomycin is inactive. A~ainst bacilli in solid caseous lesions which 

multiply intermittently, onlv rifampicin is bactericidal, all others being 
. . 27/ 
1.nact1.ve.-

Two regimens reco11111lended by the WHO for use in developing countries have 

already been given in section 9.2. 

For short-term therapy, from the bacteriological standpoint, the 

r ifaq>icin-isoniazid combination in both the initial and continuation 
28/ 

phases~ has been strongly recoumended as optimum therapy for all fonns of 

the disease including those caused by more sensitive strains. These drugs are 

usually supplemented - at least, in the initial phases - with one or two 

others such as EnIAHBITrOL or streptomycin. Overall, courses of short-term 

therapy usually run from six to nine months. 

Short-course chemothe•:..;py regimens (6-months duration) are ~radually 

being introduced as standard treatment in control progranunes; in the region of 

the Americas they are already given to almost SO per cent of the newly 

~eported cases. However, the regi.mens of one year's duration will remain the 

basic chemotherapy for the tuberculosis progrananes in many countries unless 

further substantial reductions are made in the cost of the drugs for 

short-term use, ?articularly rifampicin and pyraz~namide. 291 

9.4.3 Other factors affecting ETHAMBUTOL Hydrochloride use 

Although, worldwide, the overall total number of tuberculosis cases 

reported appears to be plateauing, it has been recognized that the majority of 

those existing now go unreported, either because they are unidentified or 

because of deficiencies in reporting systems. Progranunes are underway aimed 

at improving both of these situations. 

27 / Op. cit. 

28/ Op. cit. 

29/ Global medium-term progre>n .. 1e, progranune 13.8~ Tuberculosi, WHO, 
Geneva-; p. 3 (1983). 
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Nevertheless, poor socio-economic conditions in some countries, further 

aggravated by population growth and various economic constraints, cannot only 

foster further spread of the condition but also impede the pro2ress of the 

proper diagnosis and treatment. 

Therefore, it is anticipated that there will be a very significant market 

for a;1ti-tubercular drugs in developing countries for some time to come. 

'J .5 Future prospects 

As noted in section 9.4.2, ETHAH&JTOL Hydrochloride is a good 

complementary dru~ to isoniazid because it can offset the rapid build-up of 

bacterial resistance. Nevertheless, as long as the price remains high, it 

follows that it will be used very selectively in developing countries. 

Conceivably, this situation may change. Local production of the dru2 is 

already underway in three of these countries - India, Brazil and the Republic 

of Korea - which together account for over 40 per cent of all reported 

tuberculosis cases, as well as in several Eurapean markets. These efforts, 

together with the expirations of the various product and process patents, 

mostly relating to intermediates, should all serve to stimulate competition 

and ev~ntually reduce prices. 

9 .6 Short-term forecasts of ETHAMBIJTOL Hydrocho lo ride demand to 1990 

Time series of ETHAMBUTOL Hydrochloride consumption has not been 

available, hence historical growth rate cannot be calculated. 

The market for developing countries, which can be taken equal to the 

world market in practical terms, was estimated at about 425 tons in 1982. 

In the absence of a better method, we might assume that the 

growth rate 1982-1990 of ETIIAMBLTrOL Hydrochloride consumption will be 

2.2 per cent, i.e. equal co the estimated average annual percentage change for 

population growth in all developing countries. 
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The estimates in table 18 show the 1990 demands of ETIIAMBlTrOL 

Hydrochloride and intermediates, based on the conversion efficiencies of the 

average and ideal performers. 

Table 18. Current and future world-wide consumption estimates of ETHAH&ITOL 
Hydrochloride and intermediates (tons) 

Chemical 1982 1990 
(estimated) (forecast) 

EntAMBlTrOL Hydrochloride 425 495 

(+)-2-Amino-l-butanol 360-420 420-490 

(+)-2-Amino-l-butanol 820-1,025 955-1,190 

In the Asian region, Indian integrated manufacturers probably cover the 

national demand by local production. Latin America and Africa are net 

importe~s to-day although, demand - as judged by morbidity fi~ures - would 

justify local production of ETHAMBlTrOL Hydrochloride and key intermediates in 

both regions. 

Demand for (~)-2-Amino-l-butanol would justify consideration of local 

production in all regions, particularly if other industrial uses of the 

chemical were also taken into account. 

9.7 Long-term forecasts of ETHAMBlTrOL Hydrochloride demand to 2000 

The environment of the antituberculosis dru~ market is very complex and 

the circumstances surrounding the situation by the year 2000 cannnt be 

predicted. It can be said with confidence, however, that ETHAMBUTOL 

Hydrochloride is an essential drug in the treatment of tuberculosis and its 

consumption is estimated to grow moderately on the ~lobal level. Tilis 

situation is not expected to change during the forthcoming years, because 

EntAMBUTOL Hydrochloride cannot be replaced with other antituberculosis dru~s 

in those cases when its use is indicated. The present spectrwn of 

~ ,. 
i 
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antituberculosis drue.s is stood and no larste scale research is reported for new 

therapies or new drusts. Hence, no turning point or descendinst trend is 

expected in the life cycle curve of ETHAHBUTOL Hydrochloride in the 

forthcoming decade. 



- 4'J -

lO. COM:LUSI<»iS AND RECOMMENDATIONS 

10.l Major conclusions of the techno-economic analysis 

Backward inte2ration de~rees I-III are technically feasible and all the 

chemical reactions involved can be carried out, utilizing equipment ~enerally 

available in pharmaceutical chemical plants. However, as pointed out earlier, 

conmercial-scale technolo2y for backward inte2ration III may prove difficult 

to obtain. 

Nevertheless, si~nificant cost advanta2es may be realized in initiatin2 

production with (+)-2Al8 (backward integration II) even thou~h final yields 

may not be quite as hi2h as those achieved when employin2 onlv backward 

inte2ration I. 

None of the three processes result in environmental pollution unusual 

Jith pharmaceutical chemical plants. The effluents of the production do not 

require specific treatment. Ordinarily little solvent recovery is required 

l . 1 . lf . h b f d i ·d JO/ but ca cium tartrate or ca c1um su ate m12 t e orme as so l waste.~ 

It should be mentioned, however, that calcium tartrat~ can be sold to tartaric 

acid manufacturers. Where this is the case, calcium tartrate is rather a 

co-product than a wate. 

It appears that no unusual labour or safety re2ulations need be 

instituted, but extreme caution must be exercised in the handlin2 and use of 

the hydro2en chloride 2as required in backward inte2ration I because of the 

toxicity to humans and the possibility of air pollution. Additionally, the 

chemicals utilized in backward inte2ration III must be treated with 2reat 

care. Acetonitirile is easily oxidized and unstable and presents a severe 

explosion hazard when exposed to heat or flame; Butene-I can also present a 

very dan2erous fire hazard. 

30/ UNIDO/ IS.J87, 6 June 1983. 

, 
l 
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Althousth stainless steel equipment is stenerally recommended for carry1nit 

out the syntheses, some manufacturers have indicated a preference for glass 

based vehicles for cFrtain steps. 

Water, steam, electricity an,! cold ener1ty requirements are not unusual. 

The econanies ~ained by optiaum recovery of excess (+)-2AlB as well as 

Tartaric Acid have been shown; these are important points to consider when 

evaluatin~ and/or buyin~ production know-how. 

The economic feasibility of ETHAHBUTOL Hydrochloride production is 

equally influenced by the price and conversion efficiency of the key 

intermediates which are dominant elements of the C in both backward tp 
integration degrees I and II. However, conversion costs also contribute 

significantly in de~ree II and become dominant in de~ree Ill, requiring an 

even greater level of technical expertise to satisfactorily carry out this 

particular synthesis. 

In view of the p0ssible difficulty in obtaininit the commercial-scale 

technology, the more complex nature of the process and the increased level of 

competence and direction required to satisfactorily handle the chemicals 

involved and profitably pursue backward-inte~ration Ill, it would appear that 

backward intestration II may be the most appropriate one to undertake. Not 

only could it deliver significant ~ains in gross profit and convertible 

currency savings over backward integration I but if carried out very 

successfully - that is, at least approaching the accomplishments demonstrated 

for the ideal perfonner - it appears that this method could deliver about 

70 per cent of the gross gain and 64 per cent of the convertible currency 

saving which it mi~ht be possible to achieve by employin~ the more ~omplex 

backward integration III (table 7). With backward integration II, ~ross 

profits ran~e from SUS 11.78 to SUS 20.00 per kilo with a concurrent 

convertible currency saving somewhere between $US 23.59 and SUS J0.01. 

. 
1' 

; 
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iU.2 Alternative strategies 

10.2.l Total ~ackward integration 

This strate2y makes the ETIIAMBUTOL Hvdrochloride manufacture completely 

independent from the two expensive key intermediates employed in backward 

integration I or II. Howeve-_, such local production of (+)-2Al8 requires the 

presence of a developed inorganic chemical and petrochemical industry; 

Butene-1 and chlorine must be and Acetonitrile should preferably be produced 

dome st ica l ly. 

Assuming that the commercial-scale production technology can be obtained, 

its technical level is relatively high, its overall process is more complex, 

and its basic chemica~s are somewhat more dan2erous to handle. Additionally, 

production of <:>-2Alb requires some special equipment and all reactions 

cannot be carried out economically in a multipurpose batch reactor. 

As a consequence of all ot the above, the economic feasibility of the 

<:>-2Al8 production depends heavily upon the volume anticipated or required as 

well as - far more than backward integration I or II - upon the technical 

knowledge and abilities of not only plant management but also all of the 

personnel directly involved. 

Such total backward integration would also require continuing support 

from research and development activities, principally directed at improving 

and maintaining the efficiency of the syntheses. 

Energy requirements are somewhat higher than usual but other utility 

needs are customary. 

Environmental pollution problems are not envisaged from the patent 

descriptions and there is no need for special effluent treatment. 

Gross profits resultin2 from this process could range from SlfS 16.71 to 

SUS 24 .70; convertible currency savings have l:>et!n f iv,ured at between SUS 36 .96 

and $US 41.47. However, an undetermined amour.t af this may be offset hy the 

need to upgrade both facilities and personnel. 

,, 
; 
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10.2.2 Advanced backward integration 

ntis alternative assumes that (~)-2Al8 is purchased and resolved by 

L(+)-Tartartic Acid to obtain (+)-2Al8 for further chemical conversion. 

This technical alternative offers a very good economic feasibility, 

because unit gross profit ranges from SUS 11.78 to SUS 20.00, i.e. about 

28 per cent and 59 per cent over Ctp' whereas the unit convertible currency 

saving is between SUS 23.59 and SUS 30.01. 

The chemical operations can be carried out in multipurpose batch 

reactors. Neither labour safety nor environment protection considerations 

differ much from those of minimum backward integration. 

The disadvantage of this alternative is mainly the high level of 

technological discipline required to carry out efficiently the resolution of 

(+)-2AlB and the recovery of L(+)-Tartaric Acid. 

10.2.3 Minimum backward integration 

In this alternative, the most expensive intermediate, (+)-2AlB is 

purchased and reacted with Ethylene Dichloride to produce ETHAMBLrrOL 

Hydrochloride. 

The advantage of this is that production is technically relatively simple 

and little investment is required. The economic feasibility depends mainly on 

the efficiency of (+)-2Al8 recovery. 

The main disadvantage is that the production for the average performer is 

unprofitable and convertible currency savings, depending upon volume, may be 

relatively minimal. 

Additionally, process economics are very sensitive to the supply and cost 

of (+)-2AlB which can account for well over 80 per cent o[ C • tp 

. . ' 
~ 
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However, it is conceivable that this step could be re~arded as the 

initial step of advanced backward inte~ration. 

10.2.4 Purchase of ETHAMBlTI'OL Hydrochloride in bulk 

The strate~ic alternatives would not be complete without considerin~ the 

purchase of ETHAHBlTI'OL Hydrochloride on the world market for finishing and 

p&cka~in~ locally and to us(: su::h investment resources as may be available 

towards the production of a pharmaceutical bulk substance which may have 

~rearer local demand and/or more limited availability and/or better economic 

feasibility. 

10.2.5 Some factors affectin~ the alternative strate~ies 

Procurement 

There are two possible variations on all the alternative strate~i~s; 

(i) Lon~-term purchasing agreement, or 

(ii) Buying at spot ">rices on the world market of ETHAHBUTOL 

Hydrochloride and intermediates. 

The benefits of variation (i) include the ~uaranteed supply and 

independence from increases of the market prices; the main risk is that no 

profit can be realized from the eventual decreases of the spot prices. 

The advanta~e of variation (ii) is the possibility of making extra profit 

from the decreased spot prices; the principal risk is that the production 

costs, particularly in backward integration I, are very sensitive to the 

increases of spot prices and there mi~ht also be availability problems if the 

balance of demand and supply is disturbed to an unusual extent. 

It must be stressed, however, that the procurement efficiency plays an 

eminent role in process economics, be~ause direct materials are dominant cost 

eleme~ts and their share in C depends on prices and conversion efficiency 
tp 

to the same extent. 
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Tech no lo~y 

A decision should also be made whether to establish one's own R .S. D 

pro~ralllllle, or to buy technical improvements also in the future. At the earlv 

stages, co-operation with the technology supplier seems to be the most 

expedient decision, but the medium-term objective should be the establishment 

of one's own 1·esearch apparatus, however modest, capable of developing the 

existing production technolo~ies. 

Mana~ement 

The more advanced is the vertical integration, the more dominant is the 

.share of conversion costs in the total production costs. 

Tile conversion costs could not be analysed in this study in detail for 

lack of break-down fi~ures ~nd also because cost components such as 

depreciation, interest on investment loans and working capital, taxes, 

insurances, royalties, overheads, etc. vary from country to country and even 

from manufacturer to manufacturer withir. the same country. 

The reduction of conversion costs needs effective management of all 

resour-:es and sales activities. Or.ce all practical reserves in technical 

development have been exhausted, mana~ement becomes the only dominant element 

of the total production costs and the decisive factor of competition. 

10.J Market analysis 

One of the major attributes of ETHAMBUTOL Hydrochloride is that it can he 

produced in multi-purpose batch reactors and, consequently, can be produced in 

relatively small quantities if there is little dema11d. IJ:ifortunatelv, the 

economies of scale would have to be carefully considered since the 

intermittent production of small quanititie~ may add significantly to the 

product's cost. 
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Rough calculations suggest that - predicated upon a daily dosa~e of two 

400 ~ tablets - one metric ton would provide enough chemical to treat about 

3,400 people for one year. Consequently, 100 tons could provide enou~h 

medication for about 340,000 patients or about one-sixth of all of the case 

which have been reported to the WHO annually over the last few years. 

However, it is acknowledged that the number of cases reported to the WHO 

represe~t only a fraction of the actual number worldwide and projections of 

recent consumption (section ~.2) suggest that the developing countries could 

consume as much 425 tons of the chemical a year. Thus, there should be some 

opportunities for E1HAMBl1fOL production in developing countries, particularly 

in Africa where no such facilities currently exist and where a largely 

unquantified need undoubtedly does exist. 

l 0 .4 Recommend at ions 

Developing countries at various stages in the development of the 

pharmaceutical industry have been summarily reviewed with respect to their 

possibilities to implement the various degrees of backward integration. 

The minimum backward integration is technically feasible, but 

economically not attractive. Local production can be considered primarily in 

those countries where the short-term objective is to gain eXperience in and to 

train skilled staff for the phannaceutical chemical industry. 

The advanced backward integration of the manufacture of ETHAMBlJfOL 

Hydrochloride is technically feasible and economically attractive. Therefore, 

it is worth considering the making of in-depth studies on its marketing, 

engineering and financial aspects, aiming at establishing the production of 

the drug or its intennediates, either within an existing plant or as a 

contribution to the rationale for establishing a new multi-purpose plant. 
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The max1umum degree of backward integration shows further savings in both 

total production costs and convertible currency. Integrated ETHAMBlJfOL 

Hydrochloride manufacturers, particularly with petrochemical production 

facilities, might also be interested in the preparation of a pre-feasibility 

study for the manufacture of (+)-2AlB. 

The prospects for establishing a new manufacturing ooeration snlelv for 

the production ot ETIIAMBlJfOL Hydrochloride generally do not appear to be 

economically feasible although, as better tuberculosis morbidity figures 

become available, this concept could chan~e. 

An interesting finding of the study is that recovery of (+)-2AlB, 

L{+)-Tartaric Acid and to a lesser extent lsopropanol, plays an important role 

in the process economics. 

• . 
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Annex l to the 

Technical and Economic Analysis of the Manufacture of ETHAHBUTCL Hydrochloride 

Chemical Synthesis of ETHAHBUTCL Hydrochloride 

A. BASIC MTA OF TiiE PHARMACEUTICAL CHEMICAL 

1. International non-proprietary n.1me~ ETiiAMBllfOL Hydrochloride~/ 

2. Graphic formula; 

r 
CHzOH 

H • ' CH2 I NH1 CH2 [ CH1 
/ "'.:/ " / "'· / 

: '\. / zcr H3C [ CH2 NH2 I CH2 

' H 

CH
2

0H 

4. Molecular wei1tht~ 277 .23 

5. Chemic'll abstracts index name~ (R-(R*,R*;)-2,2'-(l,2-Eth&nediyldiimino)

b is-( 1-butano 1 )-dihyd roe h lo ride 

6. Cas re~istry number~ (1070-11-7) 

7. Other forms~ ETH.AMBUTOL Base (74-55-5), which is not useG in the 

preparation sub-sector of the ~harmaceutical industries. 

8. Basic patent; U.S. Pat. 3,176,04U, Wilkinson 

2,2'-(Ethylendiimino)-di-Butauols (19o5 to Arr 

31/ 1lle use of essential dru~s, WHO Technic9l 
(1983). p. 19. 

rd; Novel 

;.,.) 

_ ' _.ies 722, Geneva 
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B. BRIEF DESCRIPTION OF nlE PRODUCTION PROCESSES 

Most bulk substance manufacturers in the pharmaceutical industry produce 

EnlAMBlTI'OL starting from (!)2-Amino-1-butanol, which is resolved with 

L(+)-Tartaric Acid and the isolated (+)-2AlB enantiomer is condensed with 

Ethy!ene Dichloride to yield EnlAMBlTI'OL Hydrochloride. 

1. Chemical synthesis of ETHAHBUTOL Hydrochloride 

1.1 Schematic illustration of the synthesis 
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Backward inte~ration I 

(+)-2~18 and a fraction of Ethylene Dichloride (reaction (c) below) are 

heated to a temperature from 45° to 65°C to initiate the condensation. 

Further quantities of Ethylene Dichloride are added at such a rate that the 

exothermic reaction mainr~ins the temperature at around l30°C. (+)-2AlB is 

used in a lar~e - five- to ei~ht-fold - excess in order to depress side 

reactions. 

The excess (+)-2AlB is distilled off under vacuum of less than 20 umH~. 

The distillation residue is dissolved, usually in Isopropanol, and 

ETHAMBUTOL is precipitated as the Hydrochloride from the clear filrate by the 

addition of dry hydrochloric acid ~as. The obtained white crystals are 

centrifu~ed, washed with solvent and dried. 

Backward inte~ration II 

(+)-2AlB is resolveJ with L(+)-Tartaric acid in two steps. 

The fist step is the formation of (+)-2AlB and (-)-2AlB acid tartrates 

(reaction (a) below), in which (+)-2AlB is added to the methanolic solution of 

L(+)-Tartaric acid at a rate to maintain the temperature below 55°C. The 

reaction mixture is subsequently refluxed, cooled to 15° to 20°C and the 

(+)-2AlB acid L(+)-tartrate is ailowed to crystallize, whereas the (-)-2AlB 

acid L{+)-tartrate remains in solution. The crystals are centrifu~ed and 

washed with cold methanol. 

The second st~p consists of the decomposition of (+)-2AlB acid 

L(+)-tartrate and the subsequent recovery of (+)-2AlB (reaction (b) below). 

First (+)-2AlB acid L(+)-tartrate is dissolved in water and t~is aqu~our 

solution is added to a calcium hydroxide suspension at a rate to keep the 

temperature below 60°C. The reaction mixture is cooled down, the precipitated 

calcium tartrate is removed hy filtration, and both (+)-2AlB and the solvent 

are recovered from the filtrate by fractionated vacuum distillation. 

. 1• 

' 
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Other methods also exist for the production of (+)-2Al8, e.~ •• the 

racemate can also be resolved with L(+)-Mandelic Acid. 321 

In an interestin~ new method, 331 (+)-2-Amino-l-butanol is produced by 

the asyumetric hydrolisis of (~)-Acylamino-l-butanol with a microbe that 

decomposes only the (+)-acyl derivative. The reaction is carried out at a oH 

of b.O, a temperature of 37•c, and the obtained (+)-2Al8 is recovered by 

adsorption to a weak anion-exchan2e resin. The yield of (+)-2Al8 with 

98 oer cent purity was near to 100 per cent. 

Backward inte~ration III 

This will be discussed in more detail in annex II. 

1.2 Chemical reactions 

(a) 2C
4

H
11

NO + 2C
4

H
0

0
6 

c
8

H
17

No
7 

+ 

178 .28 300.18 239 .23 

(b) C8Hl7N07 + Ca(OH)
2 C4H11NO + 

239 .23 74.09 89 .14 

(c) 2C
4

H
11

NO + c
2

H
4 

Cl
2 ClOH26Cl2N202 

1.3 

178 .28 98.% 277 .25 

Combined equation 

C10H24N202 

277 .23 

+ 

of the synthesis 

+ 

+ 

2Ca(OH)
2 

148 .18 

+ 2HC1 

72.92 376 .30 

32/ Czech. Pat. CS 208913 B, 1 November 1982. 

33/ Japan Pat. 58/198296 A2, 18 November 1983. 

+ 

C8Hl7N07 

239 .23 

c
4

H4Cao
6 

+ 2H
2
o 

188 .15 Jo .o4 

72.08 
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1.4 Chemical input conversion coefficients 

~e various expressions of the conversion efficiency available from the 

studied sources were converted to chemical input conversion/consumption 

coefficients to refer to the manufacture of one kg of ETHAMBITTOL Hydrochloride 

and were suomarized in table A.l. If the material input consumption 

coefficients in the literature ~re ~iven with reference tJ an intermediate, 

such as (+)-2Alb or (~)-2AlB, the ori~inal fi~ures were ~iven in brackets 

behind the derived overall consumption coefficient. Publications which 

describe the chemical conversion efficiency of different steps of backward 

integration but came from different sources were not included in the table but 

they were used for the evaluation of t!1e quality of the data from other 

sources. 

With a few exceptions, only the conversion efficiencies of princioal 

reactants were given in the literature and the consumption of less important 

chemicals and/or auxiliary materials was expressed as a value under the 

collective term other materials, if at all. The scarce information was 

included in table A.l, because it is qualitatively useful and could be used to 

estimate rou~htly the value of other materials. 

Those sources were disre2arded when quantitative data were available for 

the inputs but the ETHAMBl!fOL Hydrochloride yield was not given. 341 

1.5 Other information 

A chapter was devoted to the wastes and waste water treatment of 

chemicals produced by or~anic synthesis, and a simplified flow sheet for the 

manufacture of ETHAMBUTOL Hydrochloride by a process similar to that of 

backward-inte~ration de~ree II was described in a UNIDO document. 351 The 

34/ Pharmaceutical Manufacturing Encyclopedia, Noyes Data Corporation, 
Park Ridge, New Jersey, U.S.A., 0979), p. 116 

35/ UNIDO/IS.387 of 6 June 1983~ Water use and effluent treatment 
practices for the manufacture of the 26 priority drugs in the UNIDO 
i 11 us t r a t i ve 1 is t. 
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Table A.l. Chemical input conversion coefficients in the manufacture of ETHAMBUTOL Hydrochloride 

N ... 1 2 3 4 5 6 

Backward integration I 
(+)-2-Aaino-l-butanol 1. 53 0.90 0.92-1.60 1.10 0.90 0.85 
Ethylene dichloride . . . 0.55 . . . 0.45 0.45 0.45 
Hydrochloric acid gas ... . .. . .. . . . . . . . .. 
Isopropanol 3.52 5.30 3.00 
Sulphuric acid 2.69 2.10 
Ethanol 
Sodlua hydroxide o. 72 0.38 0.20 
Methanol 
Charcoal . . . . . . ... 
Other aaterials, $/kg 0.98 . . . ... 
Backward integration II 
(~)-2-Aaino-l-butanol 
L(+) Tartaric acid 

Backward integration III 
Butene-I 
Acetonitrile 
Chlorine 

l Wilkinson, Shepherd et al. J. A.Ill. Chem. Soc. 83, 2212 (1961) 
2 UNIDO unpublished working paper 
3 UNIDO/ID/WC.304/6 (1979) 
4 UNIDO/ID/WC.331/4 (1980) 

5-6 UNIDO/PC.14 (1981) 
1 Unpublished country project proposal 
8 UNIDO/PC.52 (1982) 
9 UNIDO correspondence 

10 U.S. pat. 1,553,257 and 3,944,617 
11 U.S. pat. 3,855,300 
12 UNIDO correspondence 

Source 

7 8 9 

0.90 0.86 0.88 
0.45 ... 0.50 
. .. . .. 0.26 

2.36 2.40 

1.37 ... . .. O.l8 
0.31 

0.10 . .. 1. 78 

(2.49) 
3.21 (4.14) 

10 11 12 

O'\ 
2.54 1.93 (2.27> I\) 

4.15 4.17 

2.68 (1.39) l.~6 

2. 26 ( 1.17) 2.43 
3. 40 ( 1. 76) 1. 78 



- 6J -

analysis of the described operations concluded that effluents of the 

production do not require spec~fic treatment. Ordinarily, little if any 

solvent recovery is required but calcium tartrate or calcium sulfate mi~ht be 

formed as solid waste. Calcium tartrate becomes a waste only if L(+)-Tartaric 

acid is not recovered, which is the exception rather than the rule. 

Althou~h it appears that no unusual labour or safety re2ulations need be 

instituted, extreme caution must be exercised in the handlin~ and use of 

hydrochloric acid 2as required in backward inte2ration I because of the 

toxicity to humans and the possibility of air pollution. 

Information in the literature and analysis of the process descriptions 

showed that steam, water, brine, inert ~as, process water, distilled water and 

electricity requirements were not unusual in synthetic pharmaceutical chemical 

plants. 

The principal apparatus used in backward inte2ration I of the 

manufacturin~ process was described in several papers, and none of the listed 

equipment unusual in pharmaceutical chemical plants. Table A.2 describes the 

machinery and equipment illustrated in fi~ure A.l. 

Althou~h stainless steel equipment is 2enerally recommended for carryin2 

out syntheses, some manufacturers have indicated a preference for ~lass-based 

vehicles for certai11 steps, because of the hi2h corrosivity of ETHAMBUTOL 

Hydrochloride solutions. 

It is essential that all materials used contain as little water as 

possible~ because of the high solubility of eTHAHBtrrOL Hydrochloride in water, 

excessive amounts of the liquid could reduce the yields. 

The process flow sheet and the related list of main equipment for 

backward inte2ration de2ree I of ETHAHBUTOL Hydrochloride production is 2iven 

. h f 11 . 361 int e o owing pages.~ 

36/ Multipurpose plant, VEGYTERV Hun2arian Chemical Industries 
Engineering Centre document (1983). 
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fable A.2. List of main equipment for the production of ElllAMBUI'OL 
Hydrochloride Backward inte~ration I 

Code Number Name Material 

01 1 2.0 
3 

vacuum drier Stainless steel m 

Gl, G2 3 .o 3 
jacketed batch m 

GJ • G7 4 reactor Enamelled steel 

G4 1 
3 

3.0 m jacketed batch 

reactor Stainless steel 

G8 1 6.3 m 
3 

jacketed batch 
( reactor Enamelled steel ' ,\ •' 
t ; 

Hl, H3, H5 

H7, H11 5 16 
2 

m condenser Stainless steel 

H2, H4, H6 

HS, H12 5 16 2 cooler Stainless steel m 

H13 1 25 2 condenser Arti fie ia 1 carbon m 

H16, H17 2 2 4.0 m vacuum condenser Stainless steel 

p 1, PJ, P4 

P6, P11,P13 6 100 l/min centrifu~al pump Stainless steel 

P2, P7, P12 3 100 l/min centrifu~al pump Enamelled steel 

Pl4, Pl5 2 60 m3/h waterrin~ vacuum pump Steel 

Pl6 1 60 m
3 
/h oilrin~ vacuum pump Steel 

Pl7 1 200 l/min centrifu~al pump Stainless steel 

S2, S3, 2 1000-lllD diameter centrifu~e Stainless steel 

S4 1000-1!1111 diameter centrifu~e Rubber-coated steel 

Tl 1 250-nm diameter dist illat ior. 

column Stainless steel 

Vl/2, V2/2, 

V3/2, V4/2, 

V6 5 0.63 3 receiver tank Stainless steel m 

V8, V9,Vl0 3 0 .63 3 wash in~ medium m 

feed in~ tank Stainless steel 

Vll, Vl6, 

V20, V21 4 0 .63 
3 

feed in~ tank Stainless steel m 

V2L•, V25, 2 2 m3 receiver tank Stainless steel 
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Table A.2. List of main equipment for the production of EntAMBlll"OL 

Hydrochloride Backward inte~ration I (cont'd) 

Code Number Name Material 

V27 l 0 .25 
3 tank Stainless steel m receiver 

V29, V31 2 
3 

0 .5 m filtrate 

receiver tank Stainless steel 

V30 l 0 .5 m 
3 

filtrate receiver 
! 

tank Rubber-coated steel , I 
l-

V33 l 0 .25 3 feeding tank Steel m 

V34/2 1 0 .25 
3 

receiver tank Steel m 

X2 l 500-k~ balance Steel 

• 
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Annex 2 to the 

Technical Economic Analysis of the Manufacture of ETHAMBUTOL Hydrochloride 

Chemical Synthesis of (.:t.)-2-Amino-l-butanol 

A. BASIC DATA OF THE KEY INTERMEDIATE 

1. Common names~ 2-Aminobutar..ol, d, 1-2-aminu-l-butanol, 2-amino-n-butanol 

2. Graphic formula; 

CH3CH2~HCH2 0H 
NH

2 

3. Chemical formula; c
4

H ... iO 
l.i. 

4. Molecular wei~r .:=_; 84 .14 

5. Chemica' a~~tract index name; 2-Amino-n-butyl alcohol 

b. C.\.;) Re~istry Numbec ['J6-20-!S) 

7, Brief history of the product; The compound has been known since 1902. 

(+ )-2-Amino-l-butanol is an intermediate in the synthesis of surface 

active agents, vulcanization accelerators, drugs, and other fine 

chemicals. The discovery ot the antituberculotic agent ETHAMBllfOL has 

increased the importance of the chemical, a!; evidenced by all patent! 

granted in the early 1Y70s. 

8. Basic patent~ Originally, (:>-2-Amino-l-butanol was prepared from 

nitropropane. The proces~es used nowadays are described in recently 

expired and expiring patents, e.g., Takahashi et al. 3,944,700 (1974 to 

Sankyo Chemical Industries), and Singh, US Pat. 3,944,617 (1976 to 

American Cyanamide Co.) which use Butene-1 as starting material. 
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B. BRIEF DESCRIPTION OF nIE PRODUCTION PROCESSES 

Twc important manufacturing orocesses are described in details tn the 

literature for the colllllercial product10n of (+)-2-Amino-l-butanol. 

1. Synthesis of (;i;.)-2-Amino-l-butanol star~ing from Nitroorooane - Route A 

1-nitroprooane is reacted with formaldehyde to yield 

(+)-2-nitro-l-aminobutanol, which is reduced by catalytic hydrogenation to 

(+)-2-Amino-l-butanol. 

1.1 Schematic illustration of the synthesis 

nitropropane 
• 

CH 3cH2~HCH2 0H 

+ HCHO 
(a) addition 

formaldehyde 

~~~~-Hz ---+ 
N0

2 
(b) catalytic hydrogenation 

( +) -2-n it ro-1-but anol 

1.2 Chemical 

(a) c
3

H7N0
2 

8 9 .0 9 

( b) c4H
9

No
3 

li':l .12 

• 
CH

3
CH

2
7HCH

2
0H 

NH
2 

(+)2-AMlN0-1-BlITANOL 

react ions 

+ CH
2
o 

JO .OJ 

+ J H2 

b.OS 

C4 H9~J03 

ll 9. 12 

C
4

H
11

No 

b'::i. i4 

l.J Combined equation of the synthesis 

+ CHLO 

}() .0 J 

+ .l HL 

A .0 ') 

C, H l. NO 
'-+ l 

()') . ! Li 

+ 2 tt
2
o 

]6 .03 

+ 2 H
2 

0 



- 71 -

1.4 Chemical consumption coefficiP;-its 

In the absence of industrial infonnation, the Jata of patent OT 2,603,076 

(1976 to Soci~t~ Chirnique de la Grande Paroisse Azote et Produits Chimiques) 

are used for analysis. In this p;.-ocess, a quaternary ammonium salt or a 

tertiary amine is used as a phase transfer catalyst in order to improve the 

yield as well as to avoid the formation of undesirable by-products. Example 1 

uses Raney-nickel for catalytic hydrogenation and does not include 

ourification before '.his steo, whereas in example 2, a mixed 

platin11m-pall;;dium catalyst is used for hydro~enation and the unreacted 

nitropentane i recovered by fractionated vacuum distilation. During this 

operation, by-producte are also removed. Table A.3 shows the relevant 

chemical parameters. 

Tahle A.3. Ch~mical consumption coeificients (k~/k~) and yields ~per cent) 
ot (+)-2-Amino-l-butanol synthesis - Route A 

Material input consumption coefficients Yields 
Reactant: F f1 f2 :Y1 

1-n:.tropropane 0.999 1.610 1.352 62 .o 
fonna idehyde 0 .:.3 7 0.543 0 .546 62.0 

Y2 

74 .o 
61. 7 

Coumercial scale yields should usually be better than tnose described in 

table A.3 an<l ~he oaLent description gives no infonnation on the life and 

re~eneration of the catalyst. The production costs of the nitropropane 

process are not analysed partly for this reason, partly because the 

alternative process starting from Butene-1 is less dangeroua and the startin2 

maLerial is a readily available i~dustrial chemical. Another disadvantage of 

route A'is that the cQ;alytic hydrogenation step cannot be carried out in 

oa.1 lt iou~pose batch reac. tors. 
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2. Svnthes is of (~)-2-Amino- l-hutanol start in~ from But~ne-1 - Route B 
-~--------------------~~---------~-----~----------------------·--

CH2 + C 12 + CH3CN --------4 CH3CH27HCH2C l 
N=CC lCHJ 

h11tene- l .::!1lnrine acetonitrile N-f(l-chloronethyl)propy!]
acetimidoyl chloride 

• 
------------~ (a) hydrolysis CH 3CH?)HCH:{ l -------------~ ( b) h fd ro 1 y sis 

NHCOCH
3 

'1 - r ( l-chlorom1•thvl) propvl] - .'lCP.tamide 

• 
CH

1
CH

2
CHCH

2
0H 

I 
NH

2 

( + )-2-AMINO-l-BJJTANOL 

2.2 Chemic~1 r~actions 

(a) C4H8 + Cl
2 

+ c
2

tt
3
N c

6
H

1 
{l

2
N 

56. 11 70.9 41.05 16H .n7 

(b) C
0

H
11

cl
2
N + H

2
0 C0Hl?C1NO + HC: 1 

168.1)7 l~.02 149 .1)1 1'1.46 

(c) c
6

n
12

c1NO + 2H:~O Cl• H l l NO + HCl + C:2H402 

149.63 36.04 89. ll~ 11).46 60.05 

+ + + = + + 2HCI 

56. 11 70.91 41.05 54.06 89. 14 60.05 72 .92 

. , ' 
;. 
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2.4 Chemical consumption coefficients 

Data for the analysis of the process are available only from patent 

. . 37 /3o/ f d f l 1 1 d f descr1pt1ons.~ ~ 
1

, v
1 

an 
2

, v2 va ues were ca cu ate rom 

these patents. 

Table A.4. Chemical consumption coefficients (kg/kg) and yields (per cent) 
of (+)-2-Amino-l-butanol synthesis - Route B 

Material input consumption coefficients Yields 

Reactants F f1 f2 Yl 

Buten~-1 0.63 1.66 1.39 38 

Acetonitrile 0.46 2.43 1.17 19 

Chlorine 0.80 1.78 1.76 45 

Y2 

45 

39 

45 

These patents were granted 1n ::he middle of 1970s and commercial scale 

yields are probab~y much better to-day. The techno-economic feasibility of 

the process can further be improved, if the purification of (+)-2AlB 1s 

combin~~ with ··eso lution, the next step of synthesis. 

2.5 Other information 

Local production of (+)-2AlB is linked to the existence of a developed 

chemical and petrochemical industry, because Butene-1 and Chlorine must be 

produced domestically. 

The technical level of the production technology of (:_)-2AlB 1s 

relatively high and steady performance requires skilled staff and good 

technical management. 

37/ Takahashi et al., U.S. Pat. 3,855,300 (1974 to Sankyo Chemical 
Industries Ltd.) 

38/ Singh, U.S. Pat. 3,944,617 (1976 to American Cyanamide). 
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In route B, (~)-lAlB can be produced in a ruultipurpose batch reactor. 

The ener~y requirement of the production is somewhat hi~her than usual. 
Other utilities are customary. 

Environment pollution problems are not envjsa~ed from the patent 
descriptions. There is no need for special effluent treatment. 

(+)-2AlB production from nitropropane is more dan~erous (explosion) than 
that from Butene-1. The nitropropane process r~quires special equipment as 
well. 
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Annex 3 to the 

Technical and Economic Analysis of the Manufacture of ETHAHBUTOL Hydrochloride 

39/ 
Patent Information on ETHAMBlJI'OL Hydrochloride manufacturin~ processes~ 

us 3, 176 ,040 1965 .03 .30 

Novel 2,2'-(Ethylenediimino)-di-l-butanols 
Wilkinson, Shepherd 
American Cyanamid Co. 

OS 243, 774 1965 .11.25 

Verfahren zur Herstell•Jn~ von neuen Hydroxydiaminen 
Wilkinson, Shepherd 
American Cyai.amid Co. 

us 3,271,450 1%6 .09 .06 

2,2'-(Ethylenediimino)-Di-l-Butanols 
Wilkinson, Shepherd 
American Cyanamid Co. 

us 3 ,297 ,707 1967 .01.10 

Pyridylesters of 2,2'-(Ethylenediimino)-di-l-butanols and non-toxic acid 
addition salts thereof 
Wilkinson, Shepherd 
American Cyanamid Co. 

OS 252,890 196 7 .o '3 • 10 

Verfahren zur Herstellun~ von neuen Hydroxydiaminen 
Wilkinson, Shepherd 
American C1anamid Co. 

BDR 1,251,770 1967 .10.12 

Verfahren zur Her~tellun~ von aliphatischen Hydroxydiarninen und deren 
Saureadditionssalzen 
Wilkinson, Shepherd 
American Cyanamid Co. 

OS 281, 786 1970 .06 .10 

Verfahren zur Herstellun~ von sehr re1nem (+)2,2'-(athylendiimino)-di-1-butanol 
hyd roe h lor ide 
Zoja 
Laboratorio Clinico-Farmaceutico Gior~io Zoja S.P.A. 

39/ Collection from secondary sources. 
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us ) ,553 ,257 1971 

Preparation of d-2-Amino-l-butanol salts 
Halmos, Ricketts 
American Cyanamid Co. 

HU 162,518 1972 .10 .28 

EljAr~s d,d'-2,2'-(etil~ndiimino)-di-l-butanol-dihidroklo~id eloallftAs~ra 

Kazan 
American Cyanamid Co. 

OS 309 ,395 1973 .08 .10 

Verfahren zur Herstellun~ von sehr re1nem (+ )2 ,2 '-Cathy lead i in•ino )-di-1-hutano 1 
hydrochloride 
Portelli, Cervato 
Zamban S.P.A. 

us 3 ,769 ,347 1973.10.30 

Production of d,d'-2,2'-(ethylenediimino)-di-l-butanol hydrochloride 
Kazan 
American Cyanamid Co. 

OS 320 ,604 1975 .02.25 

Verfahren zur Herstellun~ von {+)2,2'-(athylendiimino)-di-butan-1-ol 
Bernardi, Fo~lio, Temperilli 
Societ~ Farmaceutici Italia 

OS 323,122 1974.09.15 

Verfahren zur Herstelluni;t von d-N, N'-bis-( 1-hydroxymethy lpropy l )-Athv lencl . .i.arr. in 
in <lessen hydrochlorid 
l"iutula, Gordana 
Pliva 

OS 324,290 1974.11.15 

Verfahren zur Herstelluni;t von N,N'-bis-(alpha-hydroxyalkyl)-diaminen 
Butu la, Go rdana 
Pliva 

us 3 ,855 ,300 1974.12.17 

Process for the production of 2-Amino-l-butanol 
Takahashi, Shiaya, Kobayashi, Fujii, Nishiuura 
Sankyo Chemical Industries Ltd. 

us 3,944,61; 1976.03.16 

Synthesis of dl-2-Amino-l-butanol 
Sin~h 
Amedcan Cyanamid Co. 



i:J lb .o.J .10 

Syntl~esis ct d-2-Amino-J·-butano l 
Sini.;h 
~meri~aP. Cyanaillid Co_ 

HS 3 ,%4 ,6U! l'Jit .u::.; • .;.6 

~ynthesis vi Et1:3mh1;:-ol 
Si r..P,h 
An~er.:.ca!" C'Y·a •. .:-:i!".;..J ro, 

- n -

\erfatlren ::.~1r Herstellun~ ·.ron (+)-2 ,2' -(Athyler.diim:ino)-di-i-butanol and 
::;e1ne;, S.:;lzen 
J.1its .. i T-:-.atsu Clls:ni·::als, Mitsui Pnann;;ceut1r:als 

L97'.>.0o.05 

Verfahre n zu:- hers t ,:l lun~ von 2 -aminoi:>•Jt an-1-o l 
Adrian, Guj, ~ar::E:l-Xavier, Donai, Benattar., ,,:.-.d:-oe 
fsoci~t~ Chirr.iq;.1e de l<> G>:ailde Paroisse Azute et P:-;,d;;it.s Chimiques S.A. 

1976.12.28 

Elj'r~s N,~'-tis~-ll-hidroxibYtil-2-)-etil~ntli?.~ln elo~ll1t!s1ra 
E<:5ery, dr. H(~mann~, To1ok et al. 
Cnir.oin 
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Annex 4 to the 

CA: 75(9)63452t 
Optically active ~(l-phenylethyl)-carnamyl carboxylic 
resolvin~ racemic ~asis 

acids for optically 

Tnventor (a,1~~111-1: ~rnst Felder; Davide Pitre 
Assi,enee: Bracco Incl11stria Chimica S.P.A. 
Patent: United States; US 3576854 
Application: Switerzland 

CA: 75(5)35119w 

Dare: 
Date: 

1971.04 .:u 
1%8.03.15 

Dextrorotatory 2,2'-(ethylenediimino)-di-l-h~tanol 
Inventor (author): Giorgio Zoja 
Assign~e: Laboratorio Chimico Farmaceutico Giorgio Zoja S.P.A. 
Patent: Hr1ii.~·I States; US 3579586 
Application: Germany 

Date: 1971.05.18 
Date: 1968.06.05 

CA: 74(17)87369b 
(+)-2,2'-(Ethylenediimino)-di-l-butanol 
Assi~n~e: Antonio Gallardo, ~.A. 

Patent: Spain; F.S 357033 

having antituberculosis activity 

Application: Spain 

CA: 74(15)76008g 

Date: 1970.03.01 
D~te: 1968.08.08 

q,~s.1l11t ion of 2-aminobutano-:. 
Inventor (author): G~za T6th 
Assign~e: Chinoin Gy6gyszer t:s 
Patent: Hungary Teljes; Hu ~67 
Application: HunAary 

~egy~szeti T~rm~kek GyAra Rt. 

CA: 74( i3)6l%0s 
~imult;;neous prepa~«1t ion of 7.-amino-l--butanol r.m! 
2-amino-2--ethyl-J ,3-rropanecl iol 
Inventor (author): John B. Tindall 
<\:;si,en~e: Co111;1"'rcial Solvente Corr. 
Patent: Germa11y Offen.; OE 2026538 
Applicatio'l: llnite<l States 

CA; 74(3) 12600m 

Date: 1970.07.24 
Date: 1968.12.~~ 

nate: 1970.12.10 
nate: 1969.06.06 

?harmaceut ically suitablP d ich lnrohydrriti> of 
n-~ .~: '-( ethylene<l i imino)-d i-1-hutann1 
A.~c;ign~P-: Laborato~-io Chimico Fa;.mn:::euticc 
Patent: Fran..:e \Jemande; FR 2011~ 155 
Applic1tinn: ~ermacy 

Gior~io Zoja S.P.A. 
Date: 1~70.04.17 

T)<J tF: 1')118 • n~ • 06 

40/ Results of 1:1;! c0mputP.r se:-1r.~h tn P.1 l issu,~<> of Chemical Ahstr;icts 
r11hl i~he•~ betwe~~n l .h1111;u·1 1967 and 31 Dec"m'·er 198, •. 



CA~ 73 (7) 34782d 
d-2-Aminobut ano l 
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Inventor (author)~ Jeno Seres; 
As3i~n~e: Chinoin Gy6gyszer ~s 
Patent: Hun~ary; HU 157225 
Application~ Hungary 

Kl~ra Dar6czi, J4~os Lengyel 
Vegyeszeti Term~kek Gv~ra Rt. 

CA: 73(5)24902d 
d-2-Amino-l-butanol 

Date: 1970.04.08 
Date~ 1968.00.23 

Inventor (author): Ir.tre A. Halrnos, ThQmas E. Ricketts 
Ass i~n~e: American Cyanamid Co. 
Patent: Britain; GB 1188185 Date: 1970.04.15 

1%6 .09 .16 Application: United States Date~ 

CA: 87(7)5J255q 
2-Amino-l-alcohols 
Inventor (author): Walter Hinunele, Leopold Hupfer, Herbert Toussaint, 
Gerhard Paul 
Assign~e: BASF A.-G. 
Patent: Germany Offen.; DE 2547654 
Application: Germany; DE 2547645 

CA: 86(1)4928~ 
2-Amino-l-butanol 

Date: 
Date·. 

1977 .04 .28 
1975 .10 .24 

Inventor (author): Guy Adrian, Marcel X. Sion, Andre Benattar 
Assign~e: Soci~t~ Chimique de la Grande Paroisse, Azote et Produits Chimiques 
Patent: Germany Offen.; DE 2603076 Date: 1976.08.05 
Application: France; FR 753431 Date·. 1975 .02 .04 

CA: 91(19)157248p 
Synthes,is of dl-2-amino-l-butanol 
Inventor (author): Balwant Singh 
Assign~e: American Cyanamid Co. 
Patent: Britain; GB 1541290 
Application: Britain; GB 765073 

hydrochloride and derivatives thereof 

CA: 91(9)74598b 
3-Acyl-4-ethyl-2-oxazolones and oxazolidinones 
Inventor (author): Balwant Singh 
Assign~e: American Cyanamid Co. 
Patent: United States; US 41SOOJO 
Applicati ,;, : United States; US 642944 

CA: 91(1)l0897y 
Amino alcohols 

Date: 1979 .02.28 
Date~ 1976.02.09 

Date: 1979.04.17 
Date~ 1975.12.22 

Inventor (author)~ Yataro Ichikawa, Eishin Yoshisato, Koji Nakagawa 
Assi~n~e: Teijin Ltd. 
Patent: United States; US 41512C4 
Application: United States; US 590945 

Date: 
Date~ 

1979 .04.24 
1975 .06 .27 



CA: 90(11)86723f 
2-A.minnhutanol 

- 80 -

Inv·~nt.,r· (:i,11!-i,Jr): Czeslaw Belzecki, Witolcl Tomasik, Jerzy Trojnar 
A~signee: Instytut Chemii Organicznej 
Patent: Poland; PL 86547 Date; lQ77.12.1l 
Application: P1>land; PL 161371 Date: 1971.03.21) 

CA: 8R(25)190067q 
2-Amino-1-hutanol 
Inventor (author): Iustin Alexandru Mihai Pihuleac, Toan Rradescu, 
Thea Panaitescu, StP.liana Cilianu, Mariana Ionescu 
Assignee: Inst i tt1t11l ·!•! r.ercetar i Ch imico-Farmaceut ici> 
Patent: Romania; RO 60029 D;tte: 1976.02. lli 
Applicatim1: ~omania; RO 71101 Date: 1972.06.01 

CA: 88(13)89089y 
Resolut i1ln 11f rac~mic organic amines 
T·1·.r,~t1LPr (author): Masahiko Saito, Yoshiki ·'Ito, Kenzo W;ttanabe, 
'"osh in lfakahayash i 
Assignee: Teijin Lt<i. 
Pati>nt: Jaµan Kokai Tokkyo Koho; JP 77139001 
Application: Japan; JP 7655279 

CA: 8R(1)~2136t 

Synt11esis of dl-2-aminn-l-butanol 
Assignee: American Cyanamid Co. 
Patt>nt: B~lgi11m; ijE 838764 
Applicat~on: R~lgium; BE 838764 

CA: 87(21)1~3977n 

Synthesis of D-2-amino-l-butanol 
Inventor (author): Balwant Singh 
,\ss iirnee: American Cyanamid Co. 
Patent: Sou_h ~frica; ZA 7600577 
i\:1:,1 i,:.1tion: South Africa; ZA 7n577 

CA: R7(9)67960c 
2 , 6-D in it ro.111 i 1 i ne herb i c i 'J f· s 

Dale: 1977.11.lQ 
Date: 1976.05.17 

Date: 1976.0~.20 

Date: 1976.n~.20 

Date: 1976.11.24 
Date: 1976.02.02 

Tnventnr (a11thor): Alhert William Lutz, Robert F.1Jg1rne Diehl 
AssignP.e: American Cyanamid Co. 
Patent: llnit••.t St1i ... .;; :::; :~•1255rn 

.\prlication: lJnitP<l States; IJS 174918 

~A: 95(11)970JOg 

l)ate: 
Dal:P: 

Optically ;wtivP 2-aminobut.'tnol and its s:1Jr-·: , .. ith ;1cid,; 
TnvPntor (aut'1or): L&szl6 M11gdanyi, Lajos Kov.ks 
Assign~P; Finomvr~vszPr SzovetkPzt>t 

1977.05.24 
1971.0R.25 

P:ttt>nt: Hungary TP.l jer.; HIJ 191~9 Daf·f~: 1981 .Ol .2R 
Application: H11ngarr; HIJ 79FI695 Datt>: 1t)79.0l.1l 



CA~ 94(11)8220lu 
Amino alcohols 
Assi~n~e~ Denki Ka~aku Kogyo K.K. 
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Patent: Japan Kokai Tokkyo Koho; JP 80138389 
Application~ Japan~ JP 7945899 

CA~ 99(1)5191~ 

Date: 1980.10.29 
Date~ 1979.04.14 

(+)-2-Amino-l-butanol by resolution of racemic aminobutanol 
Inventor (author)~ Alois Krajicek, Eduard Spicak, Adolf Inmr, Antonin Xerny, 
Miroslav Semonskv 
Patent: Czechoslovakia; CS 208913 B 
Application; CS 718822 

CA; 97(21)181716j 
d-2-Amino-l-butanol 
Inventor (author)~ P~ter L6nyai 
Patent: Hun~ary Teljes; HU 21828 O 
Application; HU 79L0430 

CA; 100(15)119354s 
Microbial production of d-2-aminobutanol 
Assi~n~e; Chisso Corp. 
Patent: Japan Kokai Tokkyo Koho; JP 58/198296 A2 
Application; Japan~ JP 82/79699 

Date: 
Date~ 

1982.11.01 
1971.12.20 

Date: 1982.02.27 
Date~ 1979.01.27 

Date: 1983.11.18 
Date~ 1982.05.12 
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Annex 5 to the 

Technical and Economic Analysis of the Manufacture of ETHAMllUTOL Hydrochloride 

Manufacturers and Suppliers of ETHAMBUTOL Hydrochloride 

1.1 Inte~rated manufacturers 

AMERICAN CYANAMID CO. 
Medical Division 
One Cyanamid Plaza 
Wayne, NJ 074 70 

Telex: 
FAX·. 
Phone: 

130400 
201-831-1106 
201-831-2000 

BORGE PHARM.ACE UTICALS 
9929 Hibert Street, Suite A 
San Die~o. CA 92131 
United States of America 

Telex: 295104 BORGE UR 
Phone: (619) 5 78-5400 

CHINOIN PHARMACEUTICAL AND CHEMICAL WORKS LTD. 
P.O. Box HO 
1325 Budapest 
Hun~ary 

Represented by: 
MEDI MP EX 
Hun~arian Trad in~ Company for Pharmaceutical Products 
Vorosmarty t~r 4 
H-1808 Budapest V. 
Hun~ary 

LUPIN LABORATORIES PVT. LTD. 
159 CST Road, Kalina, Santacruz East 
Bombay-400 098 
India 

Telex~ 011-71587 LUPN IN 
Cab le: LUPI ti.AB 



RAPTAKOS BRETT & CO. LTD. 
47 Dr Anni Besant Road 
We r1 i, Bcnbay 400 025 
India 

Telex; 
Cable; 
Phone; 

25 79 RUIA IN 
CALCINOLL 
49 34 251 

srgMGLUSS AND SON 
P .o. Box 105624 
D-2000 Hambur~ 1 
Federal Republic of Germany 

Telex; 
Cable; 
Phone; 

216 2667 
V IT AC HEM IE HAMBURG 
040/23 21 21-29 

THEMIS PHARMACElITICALS 
38 Suren Road, Andheri (East) 
Bombay 400 098 
India 

Telex; 011 3603 
Cabl~; THEMIS 
Phone; 575631 

1.2 Non-integrat~d manufacturers 

LABORATORIO CH IMICO 
Farmaceutico Gior~io Zoja SpA 
Viale Lombardia 20 
1-20131 Milano 
Italy 

Telex~ 

Cable; 
Phone; 

ZOJAFARMA 
2.361.041/2/3 

1.3 International trading houses 

ARCHEMIA S. 
Via E. Pagliano 21 
2014CJ Milan 
Italy 

Telex; 
Cable; 
Phone; 

331238 ARCHEMI 
ARCBEMIA 
(02) 4988211/212/213 
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AVRACHEH AG 
Gar(enstrasse 12 
6340 Baar 
Switzerland 

Telex; 804996 
Phone; (042) 31 83 55 

ll!\NGSCHAT AU~SEl'IIANDELSGMBH 
P.O. Box 101224 
D-2000 Hamburg l 
Federal Republic of Germany 

Telex; 
Cable; 
Phone; 

2 12 501 <!on~ d 
DONG SCH ATTRA DO 
(040) 23 30 41 

KARL O. HELM AKTIENGESELLSCHAIT 
Nordkanalstrasse 28 
P.O. Box 103060 
D-2000 Hamburg l 
Federal Republic of Germany 

Telex; 
Cable; 
Phone; 

2170150 
HELMPHARMA 
(040) 2375-1422 

MARSING AND CO. LTD. A/S 
Sjaellandsbroen 6 
DK-2/,50 Copenha~en SV 
Denmark 

Tt!lex: 
Cable; 
Phone; 

19925 marco dh 
MARSINGCO 
(01) 164444 
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Annex o to the 

Technical and Economic Analysis of the Manufacture of ~1HAHBUTOL Hydrochloride 

Hanufac tu re rs and Suppliers of Intermediates for the Produc ti.on 

of ETHAHBUTOL Hydrochloride 

1. {+)-2-Amino-l-butanol 

ALDRICH CHEMICAL COHPAlN 
940 West Saint Paul Ave. 
Milwaukee, WI 53233 

Phone~ 414-273-3850 

BASF AKTIENGESELLSCHAFT 
Carl-Bosch-~trasse 38 
D-6700 Ludwi~shafen 
Federal Republic of Germany 

CHEMICAL DYNAMICS CORPORATION 
Post Office Box 395 
South Plainfield, NJ 07080 

FLUKA CHEMICAL CORPORATION 
255 Oser Ave. 
Hauopau~e, NY 11787 

Phone~ 516-273-0110 

K & K LABORATORIES 
Division of ICN Biochemicals, Inc. 
121 Express St. 
Plajnview, NY 11803 

Phone~ 516-433-6262 

2. U,)-2 -Amino-1-but '!no 1 

CHEMICAL on4i\MICS CORPORATION 
Post Office Box 395 
South Plainfield, NJ 07080 

FLUKA CHEMICAL CORPORATION 
255 'lser Ave. 
Hauppau~e, PIY 11787 

Phone~ 516-273-0110 



PFALTZ & BAUER, INC. 
Division of Aceto Chemical 
172 East Aurora St. 
Waterbury, CT 06708 

3. Ethylene Dichloride 
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THE ASSOCIATED OCTEL COMPANY LTD. 
P .r-. Box 
Oil Sites Road 
Ellesmere Part 
South Wirral L65 4HF 
London WlX 6DT 
United Kin~dom 

Telex:. 
Cable:. 
Phone:. 

62'H84 
OCTEL ••• 
051-355-3611 

4. L(+) Tartaric acid 

CHE>iISCHE FABRIK UETIKON 
Seestrasse 
CH-8707 Uetikon-am-See 
Switzerland 

Telex: 
Cc: b le: 
Phone: 

875 675 
CHEMIE UETIKON 
01-921 11 41 

PAHI, S.L. 
Avenida de Madrid, 66 
barcelona - 28 
Spain 

Telex: 
Cab le';. 
Phone: 

51883 PAHIE 
P AHI BARCELONA 
656 2409 

,,OCIETE CHIHIQUE DE LA GRANDE PAROISSE SA 
9, avenue Rebert Schumann 
F-75007 Par; s 
F ranee 

Telex: 260872F 
Fhone';. (1)5S5-4430 



VINAL SpA 
Via Emilia, 3 
I-270456 Santa Giulietta PV 
Italy 

Telex: 321116 VINAL I 
Phone:. 031:13-89 340 /89120 
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Resuml 

Cette ~tude a ~te pr~paree par le Service des ~tudes 

sectorielles de l'ONUDI couune apport Aun modele ~lobal de 

prise de decision dans le choix de produits pharmaceutiques 

et inter~diaires susceptibles d'!tre fabriques localement 

par synthese chimique or~anique. 

L'economie de procede dans la fabrication de l'hydrochloride 

d'ETHAMBUTOL a ~te ~valuee en tenant compte du cont des 

inter~diaires-cles, des entrees directes Je materiel, de 

m@me que du coot de conversion. Les donnees techniques et 

econ<11ii'i.ques ~de ont ete tirees de publi---- ..... __ 
cations ou fournies par les fabricants ou les maisons de 

cOlllllerce eux-m@mes. 

La situation des pays parvenus A Jivers sta~es Je develop

pement y est passee brievement en revue par rapport aux pos

sibilites de realiser divers degres d'integrat:~n verticale. 

L'integration verticale minimum est techniquement realisable 

mais peu interessante au point de vue ~conomi~ue. Une pro

duction locale peut !tre envisa~ee avant tout dans les pays 

ou l'objectif ~ court-tcrme serait d'acquerir de l'expe

rience dans le domaine de l'industrie pharmaceutique et d'y 

former un personnel qualifi~. 

L'inte~ration verticale avancee de fabrication de l'hydro

chloride d'ETHAMBUTOL peu~ @tre techniquement realisee et 

est. economique~~nt attractive. La preparation d'une etude 

de perspectives A l'investissement portant sur les as.,ects 

de marketin~, d'in~enierie et ~e f1nancement se justifie 

su~tout dans les rays ou la ccnsornmation de i'hydrochloride 

d'ETHAMBllrOL est imi:ortante conune dans ceux qui viser.t A 

etablir OU .!I au~menter leur production d":: P"t"OC:tJits phanna

ceutiqves et d'inter~diaires, soit dans une u;;ine existan

te, soit comme ur.e composaote dans une usine :->olyv3lente. 
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L'int~~ration verticale maximum pr~sente une ~conomie accrue 

A la fois dans le cont total de production et dans les 

devises convertibles. Les fabricant3 int~~r~s d'hydrochlo

tide d'EllfAHBUfOL, en pa~ticulier ceux qui poss~dent une 

production p~trochimique, trouveront int~r@t l pr~parer une 

~tude de perspectives A l'investissement pour la fabrication 

du (+)-2-amino-l-butanol. 

Fait A signaler enfin, il ressort de cette ~tude que la r~

cup~ration du (+)-2-amino-l-butanol, du L(+)-acide tartari

que, et Aun moindre degr~ de l'Isopropanol, affecte laL~e

ment l'~conomie de proc~d~ de fabrication de l'ETHAMBUTOL. 
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Resumen 

El oresente estudio fue realizado nor la Subdivisi6n de 

Estudios Sectoriales de la ONUDI como oarte de un modelo 

sectorial de toma de decisiones adecuado para seleccionar 

productos qu!micos e intermedios para fabricac i6n local por 

sfntesis or~anica. 

La economfa del proceso de la producci6n de Clohidrato de 

ETAMBlTfOL se evalu6 teniendo en cue~ta los costos de 

intermedios claves, los c~stos de insumos materiales 

directos y los costos de conversi6n. Los datos tecnicos y 

econ6micos usados en el estudio se tomaron de fuentes 

publicadas o se obtuvieron por cor~espondencia con casas 

produc toras y proveedoras. 

Pa!ses en desarrollo en etapas distintas de desarrollo de la 

industria farmaceutica fueron revisados brevemente con 

respecto a la implementaci6n de los varios ~rados de la 

inte~raci6n vertical. 

El ~rado mfninao de inte~raci6n vertical es tecnicamente 

viable, pero no lo es econ6micamente. Producci6n local 

puede considerarse prioritaria en aquellos pa!ses donde el 

objetivo a corto plazo es ~anar experiencia en y entrenar 

personal para la industria farmacoqufmica. 

El ~rado avanzado de la inte~raci6n vertical es t~cnicamente 

viable y econ6micamente atractivo. La preparaci6n de un 

estudio ~~ previabilidad sobre los aspectos detallados de 

in~enier!a, financieros y de mercado es justiticada, 

particularmente en pa!ses con demanda alta de Clorl1idrato de 

lTAMBlTfOL y en aqu~llos que tienen como meta el 

establecimiento o e~pansi6n de la producci6n de substancias 
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farmacoqu!mi~as e intermedias en olantas existentes o corno 

contribuci6n a la racionalidad oara el establecimiento de 

una planta ~ultioroo6sito nueva. 

El grado mAximo de integraci6n vertical ofrece ventajas 

econ6micas adicionales ~on respecto tanto a la rentabilidad 

como al ahorro en moneda convertible. Productores 

inte~rados de Clorhidrato de ETAMBUTCL, particularmente los 

con plantas petroquimicas de prcducci6n, podrfan est~r 

interesados tambi~n en la preoaraci6n de un estudio de 

previabilidad sobre la producci6n de (+)-2-Amino-l-butanol. 

Es un hecho inter~sante que la re~eneraci6n de 

(+)-2-Amino-l-butanol, Acido L(+)-Tart~rico y en grado 

menor, Isopropanol, desempefta un paoel imoortante en la 

econom!a del proceso. 
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TEXHHqEcK~A H 3KOriQMHqEcKv.n AHAJIH3 

DPOH3BOnCTBA XJIOPrHnPATA 3TAM6YTOJIA 

KPATKCE conEPlkAHHE 

HacToJllilee Hccne.nosaHHe nonroTosr.eHo OT~eneHHeM 

CeKTOpanbH!:iDC HCCne.noBaHHA DHHno B Kaqecrse BKna

.na B C03.IlaHHe o6~eA MonenH npHHRTHR pemeHHR 0 

Bbl6ope tapMaUeBTHqecKHX XHMHqecKHX Be~eCTB H 

npoMe•yToqHbJX coenHHeHHA nnR MeCTHOrO npOH3BO.Il

CTBa MeTO.IlOM opraHHqecKoro XHMHqecKoro CHHTe3a. 

B XO.Ile Hccne.noeaHHR npOH3Be.neHa oueHKa ~KOHOMH

qeCKHX noKa3aTeneA TeXHOnorHH npOH3BO.IlCTBa XJJOp

rH.IlpaTa 3TaM6yTona c yqeTOM CTOHMOCTH OCHOBHbDC 

RPOMe•YTO~IUilX.CC>e.AKH8HHA, np.JPGilX MilTep"an•HWX 

3aTpaT H 3aTpaT Ha npeo6pa3oeaHHe ee~eCTB. Tex

HHK0-3KOHOMHqecKHe .naHH~e, nono•eHH~e B OCHOBY 

HCCne~oPaHHR, B3RT~ H3 ny6nHKaUHR HnH nonyqeHli 

OT npOH3BO.IlHTeJleA-H nocTaBIUHKO.B. 

Opone.neH 0601HA 0630p pa3BHBaKIIlHXCR CTpaH, HMe

IOOlHX tapMaueBTHqecKy~ npoMbJlJl.JJeHHOCTh Ha pa3nHq

H~X 3Tanax pa3BHTH.R, ,llnR H3yqeHHR HX B03MO~HO

CTeA o6ecneqeHHR pa3nHqHoA CTeneHH o6paTHOA 

HHTerpauHH. 

MHHJ.fManhHa.R o6paTHa.R HHTerpaUH.R RB:JReTC.R Te:<HH

qeCKH uenecoo6pa3tfl.)A, HO 3!<0HOMHqecKH HepeHT~-

6enbHOR. Ha MeCTHoe npOH3BO.IlCTBO MO•HO pac-

C"IH1'blBaTb B nepBylO O"lepe.nb B Tex CTpa-

HaX, B KOTOp~x 611H•aRweA 3a.naqeA .RBJJReTC.R np11-

06peTeHHe on~Ta H no.nroTOBKa KBaJJH~HUHPOBaHHOro 

nepc0Ha11a e o6nacTH ~apMaueeTHqecKoA npoMbllWleH

HOCTH. 



TexHHqecKH uenecoo6pa3Ha H 3KOHOMHqecKH peH

Ta6enbHa 6onee BblCOKaR 06paTHaR HHTerpaUHR 

npOH3BOnCTBa xnoprHnpaTa 3TaM~YTOna. 

nonroTOBKa npensapHTenbHOro TeXHHK0-3KOHOMHqe

CKoro o6ocHoBaHHR, Kaca100terocR c6~Ta H TeXHH

qecKHX H ~HHaHCOB~X acneKTOB, onpaBnaHa oco-

6eHHO B Tex CTpaHax, KOTOp~e OTnHqa~TCff BHCO

KHM cnpocoM Ha xnoprH)'lpaT 3TaM6yTona, H Mo•eT 

O~Tb HanpasneHa Ha co3naHHe/pacWHpeHHe npoH3-

BoncTea ~apMaueeTHqecKHX XHMHqecKHX BemecTe H 

npoMe~yToqH~X co2nHHeHHR nH60 B paMKaX HMe~me

rocR npennPHRTHR, nH60 B KaqecTPe BKna.na B 

060CHOBaHHe uenecoo6pa3HOCTH C03DaHHR HOBOro 

MHorouenesoro npennpHRTHR. 

MaKCHY.anbHaR CTeneHb o6paTHOR HHTerpaUHH K 

TOMY •e naeT 3KOHOMH~ KaK B nnaHe o6mHX H3nep

•eK, TaK H KOHBepTHpyeMOR san~T~. IlpOH3BOnH

TenH xnoprHnpaTa 3TaM6yTona B paMKax HHTerpHpo

BaHHoro npoH3BoncTBa, oco6eHHO ecnH OHH pacno

nara~T He~TeXHMHqecKHMH MOmHOCTRMH, MoryT TaK

~e npoHBHTb HHTepec K nonroTOBKe npeneapHTenL

Horo TeXHHK0-3KOHQMHqecKoro 060CHOBaHHR npOH3-
+ 

eoncTsa (-)-2-aMHHo-1-6yTaHona. 

B pe3ynbTaTe HccnenoeaHHH 6~ nonyqeH HHTepec

H~~ B~Bon, a HMeHHO, qTo Ha 3~0HOMHqecKHX 

noKa3aTenRx TexHonorHH npoH3eoncTea cepbe3HO 

CKa3~eaeTcR H3eneqeHHe (+l-2-aMHHo-1-6yTaHona, 

L(+)-BHHHO~ KHCnOT~ H B MC:HbWeA CTeneHH H30-

nponaHona. 

, ' 
r 
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