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fYPES OF METHODS 

349 
·ety of methods could be used such as GC van . and HPLC 1i 

f the key raw materials, the level and type f . . . • 0 ensure the quality 
o d . o unpunties pres t. ·a1s need to be eterm1ned and appropr· t . . en m these mate-
r1 - d ta e specification d 
These can be detemune by running a small 1 s nee to be set 

· • -sea e synthesis (' f • 
'th the key raw material; and if an intermed· t . i.e., ront run) 

w1 • 1a e with an aeee t bl . 
btained in the next step of the synthesis th 1 1 P a ~ purity is 

;resent in the key raw materials can be co~side e;e and type of impurities 
:n1purities may carry forward in the downstreaere hacc~ptable. Note that the 
.i. .. ~ • m c em1stry and/or m 
to form new synthetic by-products. If these synthet· b d ay re~ct 

fin 1 API h 
. ic y-pro ucts are earned 

forward to the a ' t ese ID1purities must be qu lifi d • h . 
· 1 d ' if h a e m t e appropn ate toxicolog1ca stu 1es t ey are above a certain lev 1 ( 1 . -. . . . b "d . e a so, any potential 

aeneto:x1c 1mpur1t1es must e 1 entified and well-controlled •th .. 
0 . w1 sens1t1ve ana-
lytical met~ods). Diff~rent lots from the same manufacturer and/or lots of key 
ra\V materials from different manufacturers are usually tested. 

In the follo~in~ ex~m~le, the importance of determining the quality of the 
key raw material IS h~g~l1?hte~. Tr1methoprim (TMP) (2-4-diamino-5-(3,4,5-
trimethoxybenzyl)pyrrrn1d1ne) IS an antibacterial, folic acid antagonist that is 
usually used with sulfamethoxazole as a treatment for urinary tract infections. 
Shown in Figure 8-1 is one synthetic scheme of TMP [1 ]. The starting mater­
ial that is used is 3,4,5-trimethoxy benzaldehyde (a key raw material).Depend­
ing on the quality of this key raw material, the impurities from this starting 
material may further react in the subsequent synthetic steps ( downstream 
chemistry) at the benzaldehyde functionality to produce undesired synthetic 
by-products. TMP manufactured by five different manufacturers from three 
countries of origin were analyzed by the same HPLC ch~omato_graphic 
method; two impurities, Impurity 1 and Impurity 2, were f?~nd 1~ multiple lots 
of TMP, and the levels depended upon the country of ong1n (Figure 8-2). [2]. 

CH3 '-­
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Base CH 
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CH30 

3,4,s -trimethoxybenzaldehyde ~-ethoxypropionitrile 
a-( ethoxymethyl)-~,~,5-trimethoxy 

cinnamonitnle 

Base 

CH3 ',...---,. H CHOCH2CH3 

N NH2 c:::c 
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2 
+ CHa ,,___, 1 1 

CH2 0 t NH2 Reflux N~ CH30 H CN 

NH2 4 5-trimethoxybenzyl)-13-
Trimethopriom Guanidine a-(3,et,hoxyac1,i10nitrile . . 

with pernuss1on.) 
. . . d from reference 1, 

Figure 8-1. Synthesis of TMP. (Reprinte 
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A cr
itical aspect of drug development is the control and •ct .fi . . . h ........., . 1 . . I ent1 cation of Im 

·u·es in the active p a1maceut1ca mgred1ent. Regula to • . pu-n . . . d h .d . ry requrrements d1ctate 

tb 
control of unpµr1t1es an t e 1 entification where 'bl . . . e 

O 
[40-4Z] Th . . . , poss1 e, of impunties 

that exceed 0.11/o • e identification of these impurities prov·d ·m 
d h · t n· 1 · · 1 es 1 or -

""ation towar t err po en a toxicity. Impurities in the drug b t u, . . su s ance can 
oricrinate from mcomplete reactions, over-reactions, and side react· d er· . . . . . ions an can 
also originate from lillpur1tJ.es 1n startmg materials, reaction solvents catal t 

Im 
. . , ys s, 

or residual solven~s. pur1t1es may also occur as a result of degradation. 
Common degradation pathways are hydrolysis, dehydration, oxidation dimer­
ization, or a combination thereof. Delineation between process rela~ed and 
degradation impurities is not always possible. Impurities may be organic or 
inorganic in nature. Inorganic impurities may originate from the counterion if 
the drug substance is in salt form, from reaction vessels, filters, adsorbents, and 
tubing, and also from catalysts and inorganic reagents used in the synthesis. 
Control of impurities that appear in the drug substance is not only undertaken 
at the final isolation step but also through control of impurities in raw mate­
rials, intermediates, and solvents and at critical synthetic steps. Whenever pos­
sible, the level of impurities originating from the starting materials should be 
limited by in-process controls rather than at the final step. Chromatography 
as a consequence of its selectivity and precision is an excellent tool for the 

monitoring of impurities. 
The identification of process-related impurities can ultimately lead to el~-

·a · • this ocess entails 
CI ation of their mechanistic pathways. Toe first step m pr 
determination of structures for the impurities using tools SUCh as NMR or LC­
~S. With an elucidated structure one can then attempt to propose admecbrts·a-
nism f · ' . th 1· steps that lea to 

or its fo1mation and to identify the syn e ic . th tic fonn . ·1 • d to manipulate syn e 
anon. This info mation can then be uti 12e . ~ 11;,,,"'_ cona· · 1 d 1 efficient recrySla.J.LU-U-

. 1t1ons so as to minimize its formation or eve op . . • acceptable 
ti_on procedures to reduce impurity level while still ma1nta1n1ng 
Yield · • rofile Th · druo substance unpunty P. 

h 
e retention times of impurities found Ill a O d ·rnpurities, roter-

s ould b fl ocess-relate 1 h tn . e rst compared to those of known pr • ed forWard to t e 
fin ~iates, and starting materials which could have been ~isl can syn_thesize 
so~ product. Where facile, as a first step, the proc~:~tial impurities inc~ude 
th e of the potential impurities on a small scale. Po d r~ and side reactI~ns, 
an~ ~enultimate intermediates, products of over~, unb;D, synthesized dunn~ 
the degradation products. Analogs may have a slo be potential unpuntt~n 

ruo- ct· . h t caP a so h t appear i 
lbes . t:i iscovery stage for screening t a d to in1purities t a 

e isolated impurities can then be correlate 




