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QUANTTTATTVP PPR SPFCTFC'5CGP'; (JY 1,KUGS IN PHARMACEUTICAL ECH:C. 

J l E ' F Q ' 2 A 7 ~ ~ 0 l ~  (!I; FFP:I.ILKAI l h t ,  G I E l h I L T R C r T C F ,  YFTRYLDOPA AND 

2-ACETOXY-4-TRI FLUOROME'I lik LCLMZO? C AC JD. 

FFYKGF.GS: Quantitative 'h I+% spectroscopy; fenfluramine PCI , r?.le- 

thplpropion HC1. methyldopa, L~-ecetoxy-4-trifluorome- 

thyILeczcic~ acid in pharmaceutical doeape fo1n.s. 

A. Mazzeo Farina, M . A .  Ior?o and A .  Doldo 

I abr,r;.tory of Fliarmaceutical Chemistry, Tstitiito Superiore di 

SanitA, 00161 Rome, Ttaly 

ABSTRACT 

The Pt4K t r c l ~ i ~ ~ q u c  c . i !  ;rpljed to the quantitative n n ~ l y s i s  of 

:,OUA drugs, fenfluramine H C 1 ,  dletl-vlprcpion N C 1 ,  methyldopa and 

~ - a c e t o x y - 4 - t r i f l u o r o n i e t h ~ l i - e e r i o l c  acid in pharmaceutical f o r m s .  

The proposed methods evt; l i  I F a r,,frtirnum of procedural steps 

for t h e  e>tractior. c;f the active ingrediextc a n 8  l t  is  based on 

the inteprztfc~r~ C J ~  selected proton resonances of the analyte and 

the internal standerc. 

INTRODUCTION 

From t h e  rcvber of relevant papers in the last few years, 

there is  evideilce cf iiri jpcreasing interest in the use of ' 6  h&R 

spectroscopy for the quantitaticc c,f pharmaceuticals and, in some 

cases, for the detection ( t o g e t h e r  vitb chemical identification) 

n f  impui ities in pharmaceuticals (1- 7 ) .  

The auantitative analysis cf B-tidrenergic blocking agents by 

' H  KHR spectroscopy has been the object of our first paper ( 8 ) .  
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456 F A R I N A ,  IORIO AND DOLDO 

The present wcrk describes a quantitative method fcr  the evalua- 

tion of some drugs i t 1  pharmaceutical formulatloiis by ‘F! WF (Table 
1 ) .  Dr.t .r i3h of the extraction proceaurtr: cf the active ingredients 

from tablets or capsules, the ptoposed internal standard and the 

selected region of the spectza f o r  integration are also reported. 
IJher, pcsElble the determinations were chrried out in non-deutera- 
ted mlvents. 

Fenfluramine.HC1 and diethylptopion.HC1 are anorexigeiiic dru- 

gs, used as adjunct to diet in the management of obesity. Botb P T C  

corrn..crc?nl.ly available in the form of  tab le t s  or capsules. The B. 
P. 1973 (9 )  describes a GLC method for the assav r f  fecfluramine 

HC1 in tablets. Other C-IC (10) or spectrophotometric <I;; <cola- 
riietric) procedures were used for tbc determination of the drug 

in plasma or pharmaceutica; tlof;rr:e frnrs. GLC (12-13) and a rbctc- 
turbidimetric method (111) hcvc. been also described for the deter- 
mination of diethvlpropicn. Proton and C NMK (15) spectroscupic 
methods were reported for the identificatior. c f  c’rups of similar 
appearance frrrr rontrolied substances as diethylpropicn a d  others 

anorexigenic drugs. HYLC (16-17), spectrophotmctrtc (18-23), 

tj trj.rs!ti-ic ( 2 4 - 2 7 )  and anodic voltametry (2E)  nethods were de- 

veloped for the determinatioii of methyldopa, an antihypertenclw 
agent, in phsrmaceutical formulations. 

13 

EXPERIMENTAL 

Materials. All reference substsnces and non-druter.i?ed solvents 
were rf nnalytical grade purity. Deuterated clilosoform and deute- 

rfum oxide, of 99% and 99.75% of isotope purity respectively, weye 
purchased from Merck. 

When chloroiorm was used for recording the spectrn. ft warn 
washed with water (5x5 ml for 100 ml of chloroform) to remove the 
ethanol contained as stabilizer, aiid then dried over sodium 
sulphete. In this way, the ‘H NMR spectrum of the solvent alone 
(spectrum amplitude 500, RET 0 .05 )  did not show the presence of 
ethanol. 
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458 FARINA, IORIO AND DOLDO 

h t3X cpertra: The spectrr vcrc recorded in the establisheci sol- 
vent (Table I), in 5 mi tubcE, v l t b  a 60 IHz Varian T-60 continous 
WVC. spectrometer. All precavtions to assure accuracy of integra- 
tior1 were taken, including high signal-to poise ratio, correct 
phasing, adjustrert c,f magiretic field homogeneity and spin rate, 
so that spiiii:ing side bands were minimized in the cprptjnp region 

and might he neglected. The analytical signals were integrated 
four times and the values averaged. This operation was repected Pt 
different lntegral amplitudes. 

-__-  

When pyridine, chloroform or deut~rrcbloroform were used afi 

solvents the 6 s c a ! c  vns referenced to TMS. in D20 to DSS, adju- 
sted tc C yps. The average integral values cf at leact 4 replica- 
tes were used to calculate the quantity of drug under study usirg 
the following equation: 

mg X EW mg std T x .  x .  . average tablet weight - = -  - 
mg powder Ek;std tabltt Istd 

Istd = 
where I = a ~ w x r p ; ~  fntegral value of substance under study; 
average integral value for internal standard; EVx and EX = std 
equivslent weight of component and ipterncl btaiidard respectively. 

X 

ExtractionErocedurts: 

Fenfluramine.HC1. Ten tablets were weighed and finely powdered, A 
portion of powder, equivalent to 60 mg of fenfluramine.HC1, was 

accurately keighed into a 50 ml Erlenmeyer f l e ~ b ,  30 ml methanol 
was adder' and the nixture shaken for 30 min. After that, 5 ml of 
0.05N methanolic solution o t  AgN03 (equivalent amoul;t Flus 1-77 

P Y C C S ~  f o r  neutralization of the hydrochloric salt) was added, the 
Pfxture shaken for 2 min and then left standing for 10 min. After 
addition of acetaniliae ( C L  60 ng, accurately weighed) a e  irtcxrLhl 
smirdsrd, rbp wspension was filtered quantitatively under low 

pressure, thrcugh a pad of Celite, and the soliitfun va5 taken to 
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QUANTITATIVE PMR SPECTROSCOPY OF DRUGS 459 

dryness on a rotLjviipt)i;. Tl-r rrsirliie was dried under vaciium ( 3 C  " C ,  

2 h) and then dissolved In 1 PI of  pyridine. About 0.5 ml of this 
solutlon was transferred into a 5 nun TXP. tute prCl the spectrum was 

measured. Four rjr mire illdependent experiments were carried out 

for each pharnaceutical tormulation. In a similar wc>, it least 

or.ce, o r  in parallel if necessary, a saniple was prepared without 

s18ition of internal standard to verity the baseline of the spec- 

trum in the region of analytical Interest for the internal ctzr.-- 

dard . 

biethylrrc~ion.HC1 (safepramone.HC1). The amour.t c f  yrvc'ered 

t p l - l e t : .  equivalent to 50 mg of amfepranlorie.HC1 (two tablets) was 

suspended in 20 ml of chloroform. After addition of few drops of 

concentrated ammonia (alkaline pH) the mixture was occasjcrn!l?T 

shaken f c r  30 mjn, dried over sodium sulphatc anti tiltered through 

a cotton pledget. The filtrate was concentrated te d r y n e s s  under 

vacuum. The residue djssclved in 0.5 ml of CDCl was used for the 

spec t rum. 
3 

The concentrattor! of the drug was established hy refcieiice to 

a calibration curve constructed by yl.ctting integral values aga- 

inst known amounts of dietkylprcnim (at least 3 concentrattons) 

selected in the ranpe of  the expected concentration of the drug. 

The registration of the related spectra shcr:ld be carried out con- 

secutjve1.y w i t h  tlie instrument set at the same parameters. 

A pure sample of diethylpropion was obtained by extractim 

with chloroform of 10-20 powdered tablets suspended i n  aat 'ecus 

ammonia. The organic extract was dried cvei sodium sulphate, fil- 

tered through a cotton pledget and concentrated u n d e r  vacuum to 

leave an oil which  WGS r'f~tflled in a ball tube oven at !CS - 110 

O C ,  0.01 mm Hg (TLC, CHCl -CF3CR-E;A40H 195:5:0.5),  RF 0 .74 ,  visua- 

lization with UV (long wavelerght) arid Dragendorff's reagent). 
3 

Ilethyldopa. Ten tablets were weighed and finely powdered. A p c r -  

tion of powder equivalent tc 1 5 C  ng of anhydrous methyldopa was 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
0
5
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



460 FARINA, IORIO AND DOLDO 

accurately weighed into a 100 ml Erlenmeyer flask, 50 ml of water 

waa added and the mixture shaken for 30 d n .  The suspension was 
filtered under low vacuum throuph a pad bf Celite and the solu-  

tion, after the additjcn cf few drops of 6N HC1, was concentrated 
on a rotavnpoi to dryness. To the residue disso!ve? ir 5 ml of 
water, & a s  added sodium acetate trihydratt (ra !hl)  mg, accurately 

weiphed) as internal stanleru dnd 0.5 ml of t h i s  sclution used f c r  

the spectrum. 
The methyldopa content in tablets was also determiner! l-y 

using a calibration curve obtained by plotting integral heights 
agcl:rirt three concentrations of methyldopa, one corresponding to 
50 mg (calculated on anhydrous basis) and the other twc t c  * 2 5 Z  

of the theoretical value fn D20-DCl ( 9 : l ) .  

- 2-Acetoxy-4-trifluoromethylbenzoic acid (Trifusal). To about 60 q, 

of powder, from the mixed content of ten capsules (with no other 
ingredient or exclpient) ca 37 mg of vanillin, 6s internal stan- 
aard, was added. The mixture was dissnlvec! iri 1 n i l  of CDC13 and 

0.5 ml of this so11:thn utied for the spectrum. 

UV spectroscopy. Absorbance valuee were measured in 1 cm silica 
quartz cells, US~PF a P c r k i n  Elmer 402 UV-Visible recording spec- 

trophotomter. 
The amount of powder correspor.dIrp t o  60 me of fenfluramine 

HC1, was transferred to 100 ntl volumetric flask. After addition of 

water (50 xl), the flask was shaken for 30 nin  and  thev taken to 
voluov. Tte solution was filtered and diluted tc obtain solutions 
whose absorbance wan measureu at 264 nm. Concentratlolls werc rwc! 

through a calibration curve (abti. VE. conc.) obtained from water 
sclvtlons of pure fenfluramine.HC1, from 5 to 30 rng X (w/v): 

y - 0.02~ + 0.02; n = 5; r = 0.999. 
Diethylpropion.HC1 was extracted as base from tablets or 

capsules. An amount of powder corresponding to about 50 mg of drup 
whs Fcsper.ded in water, sonicated for 15 0th and filtered quanti- 
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QUANTITATIVE PMR SPECTROSCOPY OF DRUGS 461 

tatively. The tiltrhte W ~ S  alhlinized with ammonia and extracted 
with ether. Tbe orpanic phase was concentraced LO dryness on a ro- 

tavapoz- and t h e  residue was dissolved in retkaccl arid diluted to 
obtain solutions contiiinlrp I .@-I .  5 mgX (w/v). The concentrarion 
was read through a calibration cvrvc. Lttairied by plotting the ab- 

soibance at 242  nm against concectrrtfons (0.5 to 2 mg% w/v) of 
pure diethylrrc~?r,n dixsolved in methanol: y = 0 . 0 5 6 ~ ;  r. = 4 ;  

r = 0.999. 

The amourlt of powdered tablets, equivalent to 2SP r p  of any- 

drous sethj) ldopa (282 mg sesquihydrate), wab tranuferred to 500 ml 
volumetric flask. After the addition of water (350 mlj, 1:ht f l . r?k  

.mi sliaken for some min, and then taker. to volume. After standinp 
f c r  70 rrinutes, the clear solution FOS diluted to obtain concen- 

trations o r  2.5 aid 5 ng 7 (w/v) whose absorbance WSS masused 
2b2  nm). Solutiorx c,f pore methyldopa in water, containing 

( 1 max 
from 0.5 to 5 mg Z (w/v), were use? to construct a calibration 
curve: y = 0 . 1 1 ~  + 0.01; n = 5; r = C.SDS.  

- Pctentfcmetric titration. An automatic potentiometric titrator 
(Metrohm, Titraprccessor E 0 3 6 )  with a combined glass electrode 

was used to perform potentiometric determillatior&. P.bout 50 mg 
(accurately weighed) of 2-acetoxy-4-trifluoromethylbenzoic acid 

sample was dissolved in ?C r.1 of absolute ethanol, 20 ml of water 

r:ere added and the solution was titrated potentiometrically with. 
C.C? h' scdjum hydroxide. 

RESIJLTS AND DISCUSSlON -- 
In T ~ t - l e  I are shown the protons of the drug and internal 

standard selected for the quantitatike analysis. 
Ir. Tbble 2 the results obtairied by PWR spectroscopy are com- 

pared with the results obtained with alternative methods carried 
out in our laborator). 

The extraction procedures ~ l a y e c !  en important role in the re- 
covery of the drup. Vsrjocr solvents were tested, those reported 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
0
5
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



TA
BL

E 
Z 

De
te

rm
in
at
io
n 
of
 
so
me
 d
ru
gs
 i
r. 

co
mm
er
ci
al
 t
ab
le
ts
 o

r 
ca
ps
rt
le
.c
 k
> 

'1
, 

M
:k

. 

Dr
ug
 

mg
/t
ab
le
t 

In
te
rn
al
 S
ta
nd
ar
d 

ma
/ t

a
b

 1 e
 t 

''
I'

 
Xf
ou
nd
 

mp
/t

ab
Ie

t 
(
"
'
 

d
ec

la
re

r'
 

fc
i-

rc
' 

C
5.

D
.)

 
(S

.D
.')

 
fo
un
d 

fS
.E

.)
 

(U
V 
me
th
od
) 

Fe
nf
 lu

ra
mi
ne
 . R

C
l 

20
 

Ac
et
an
il
id
e 

6@
 

20
 

60
 

11
 

11
 

I,
 

99
.7
5 

lf 
5.
01
 

19
.9
5 

t1
.0

0
 

64
.1

2 
2C

.3
7 

1
0

7
.2

0
 i

G
.6

2
 

56
.8
5 

t1
.1
5 

61
.5

0 
lf2

.6
; 

!G
?.

5O
 
t4
.3
& 

60
.9
6 

t2
.1

6
 

19
.1
5 

lfb
.7

8 
(b

j 

20
.1

5 
lf 

1.
19

 
10

0.
75

 t
 5

.5
6 

20
.2

0 
k0
.4
9 

(d
l 

Di
et
hy
lp
ro
pi
on
.F
C1
 

75
 

E
xt

er
n

al
 s
ta
nd
ar
d 

24
.0
5t
 

1.
61

 
5

6
.2

C
lf

6
.4

4
 

24
.5

5 
t1

.1
5

 

Me
th
yl
do
pa
 1

4 
H2

0 
2 5
0 

So
dj

cm
 z
ce
ta
te
.3
H 

0
 

24
5.
90
 t
6.

05
 

98
-4
4 i
 2.
4:
 

15
3.

76
 

th
.6

5
 (C

) 
? 

11
 

Ex
te
rn
al
 s
ta
cd
ar
o 

23
8.
00
 k

 8
.0
0 

95
.2
0 
2
 -j

.;f
i 

-
-
I 

99
.4
5 

lf 
2.
31
 

30
4.
Ce
 
fl
.2
F'
e)
 

z- 
2-
ac
et
ox
y-
4-
tr
i-
 

30
0 

Va
ni
 l
i i
n 

zo
ic

 a
ci
d 

a- 

a.
 

F
ro

u 
Lo
ur
 i
nd
ip
en
de
nt
 e
xp
er
im
en
ts
 

h.
 
At
 

?6
4 
nn

 

29
5.
35
 i

6.
93

 
P
 

fl
uo
ro
 m
et
hy
lb
en
- 

z
 

H
 

H
 

0
 

w
 

H
 

0
 

c
. 

A
t 

28
2 
nm
 

.b
 

d.
 
At
 

24
2 

nm
 

e.
 
Po
te
nt
io
rn
et
ri
c 
tr
it
ra
ti
on
 w
it
h 

0.
02

 
h' 
Ka
CH
 

5
 

b
 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
0
5
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



QUANTITATIVE PMR SPECTROSCOPY OF DRUGS 46 3 

I " " l " " 1  
2 D 1.0 0 

Figure  1: NMR s i g n a l s  u s e l  f o r  

qr,nriti t a t  i o n  of  fenf  luramine.  HC1 

jr. t b e  presence  of a c e t a n i l i d e  

( 6 2 . 2 0 )  as r e f e r e n c e  con,pcund, 

i n  p y r i d i r x .  

f o r  each drug  proved t o  b e  t h e  most p r e f e r a b l e  heceuee c?f smaller 

i n t e r f e r e n c e  w i t h  e x c i p i e n t s .  

Fenfluramine.111'1 w-: c t r a r t e d  from t a b l e t s  o r  capsules ,  as a 

Lase, w i t h  methanol and n e t b a m l l r  s l l v e r  n i t r a t e ,  a procedure  

b u c c e s s f u l l y  used f o r  t h e  e x t r a c t i o n  of s e v e r a l  B-adrenergic  

b lockinp  a p e p t s  from t a b l e t s  (8). The a n a l y t i c a l  r e g i o n  of t h e  

spectrum i n  pyridixie 15 shown i n  F igure  1. 

Diethylpropion.HC1 was e x t r a c t e d  from t a b l e t s  w i t h  ch loro-  

form, as f r e e  base .  The spectrum i n  CDC1, of t h e  f i n a l  r e s i d u e  

.:hnwed evidence of e x c i p i e n t  i n c e r f c i e n c e  (magnesium s t e a r a t e )  a t  

6 i . i 5  t h e  r e g i o n  where r e s o n a t e  t h e  m t h y l  p r o t o n s  o f  t h e  drug.  

For t h i s  r e a s c a ,  i n  t h i s  c a s e ,  t h e  a romat ic  p r o t o n s  of t b e  drug 

ranging  from 6 7.30 t o  6.30 e e r e  s e l e c t e d  f o r  i n t e g r a t i o n  (F jpure  
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464 FARINA, IORIO AND DOLDO 

Figure 2: h' signals used for quantitation of diethylpropion.HC1 

in deuterochloroform. 

7)  end quantitation was performed by means of a calibration curve 
by plotting peak height of the aromatic protons against concentrn- 

tion. The small peak of chloroform can be neglected since the vc- 

lume of deuterochloroform used for running the spectra was always 
the seme (0.5 ml). 

Methyldopa was extracted from tablets with water a s  hydro- 
chloride arid no interference from excipients was observed in the 
region where the methylprotons of the internal standard, sodium 
acetate, resonate (Figure 3). 

2-Acetoxy-4-trifluoromethylbenzoic arjd (trifusal) was pre- 
sent in capsules without excipients. The NMR spectrum of this com- 
pound in CDCl gave evidence of its molecular structrire, and by 
adding vanillin as internal standard a quantitative analycis was 

performed (Figure 4). 

3 
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Figure 3: NMR signals used for quantitation of methyldopa in the 

presence of sodium acetate trihydrate ( 6  1.92), as 

reference compound, in water. 

Figure 4: NMR signals used for quantitation of 2-acetoxy-4-tri- 

fluoromethylbenzoic acid in the presence of vanillin 

( 6  4 . 0 ) ,  as reference compound, in chloroform. 
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The proposed method proved to be satisfnct.ory with respect to 

both accurecj m d  precision and in agreement w i t h  data ohtained 
using different methods (Table 2 ) .  In addition, the methc? 1s 

s imple  and selective since the spectrum gave also evidence of the 
cti~:rtvre of the drug under examination. 
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