
NicEosamide (5,2’-dichlo~‘-~~o~cyI~de), fomxnlated as the ethanol- 
n&te salt, is one of the most eEe&ive and widely used mohscicides for the control 
of mail vectors of schistosoz.niasis, a parasitic disease afezainp over 2tlO million 
people in -more &XEI 70 axmties. This repoti details the development of a sensitive, 
spec& ~~~alytical method for tfte evaluation of nictosamide formulations and assess- 
me& of the impact of residues on the enviromnenL E&Sent (>85 “/o) phase-transk, 
PUSdime~latio~ of ni&samide and the symkshd zkkshloro analog internal 
standxd, followed by gas-liquid chromatograpbic separation and electron-capture 
detection, permits the determination of as IMe as 10 ppb’ analyte in fortified, 
stagnant water. Tetrabutyyfammonium chloride was the phase-tran&er agent, while 
methyl iodide was the methylating agent of choice among four investigated. 

Scbisfosomiasis is a parasitic disease afEicting over ZOO million people in more 
thn 70 cixmties. Among the diseases aEWing mankind, its prevaience is second 
only to mahrial_ Niclasamide (5,2’-dichlom-4’-nitro&icyh1&%$ formu&ed as 
the ethanokmine sait, is orie of the most effective and widely used mohscicides for 
t&e co&ml of SELaiL vectors of s&istosomiasisZ.-‘I&em is widespread interest in moni- 
toring niti~osamide residues in the envim~~ent in order to evaluate the electiveness 
of -different fcmnulations, parM&rIy tie slow-release fonn&tion~~ and to assess 
the impact of rMxamide not only on the vector snails but also on non-target organ; 
iims whic~‘msy share t&e Sadie babEtits”_ Nic~osamide has been used as an antheI- 
miatic- in fmmasP and veterinaryg Jo medicine, so t&a% a need exists foF good 
&in&A met&& ofanaQsi3. 



Formation of a volatile derivative is rmecessary before gas-liquid chromato- 
gsapbic analysis of niclosamide is possiile_ The stabiity of a&y1 pheuyl ethers and of 
N-aikyiamides w alkyIation_as a reasonable approach. Phase-trausfkr alkylatiou 
offers a number of advan- ovw mote traditional a@#ation m&&s. 

Themretid and synthetic aspects of phase-transfer catalysis have been treated 
in a mumber of recent reviews 17-2e. Durst et aLrr have used crown ethers as soIid- 
liquid phase-transfer reagents in the formation of phenacyl esters of fatty acids prior 
to liq;llid chromatographic analysis. The use of Iarge quaternary ammonium ions for 
ion-pair extractions is well lcnown~*‘3, as is the e&acy of such ions in promoting ffie 
alkyfation of acidic substances in polar organic sokeutP. 

Extractive alkylation has been used in the quantitative determination of 8 
numkr of organic compounds :& physiologic substances (see refs. 25 and 26 and 
references therein). Analytes determined using extractive alkylation include fatty 
a&P, chIorthalidone21, furosemid@, hydrochlorthiazidP, nitrazepam~, chlona- 
zepam=, and fl~ouitrzepam~~, among others. 

The formation of the N,O-dimethyl derivative of niclosamide and of a similar 
intzxnal standard compound using liquid-liquid phase-transfer alkylation has been 
investigated in the present study. This approach might reasonably be expected to 
form volatile methyi derivatives which wouId allow exploitatioc of the poteutial 
ekctroncapture sensitivity of thepnitrobenzanu ‘de moiety. The nature of the phase- 
transk aB@ation procedure lends itself to sample concentration and cleanup in 
addition to efficient akylktion. The ultimate goal of this study, then, was the develop 
ment of a gas chromatography-ekctrozxapture detector (GC-ECD) method which 
allows specik, precise, and accurate analysis of niclosamide in water and a variety 
of other sample matrices. 

Standard 5,2’-dichloro-4’-nitrosaEcyfaniIide (niclosamide) of 99.4 % purity 
was kindIy provided by the Chemagro Agricultural Division of Mobay Chemicai 
Corporation (Kansas City, MO., U.S.A.)‘. Two candidate internal standard 
compxmds, 2'-chloro4'-nitrosalicylanilide (2%14’-NsA) and icbJor&-nitro- 
salkylauilide (5-CX4’-NSA), were synthesized by a condensation procedure adapted 
from that of Schrauf&i~r et al,“. 

The 2’UZ-NSA was prepared by the condensation of salicylic acid and 2- 
chloro-4-nitroauiline. A 13.8-g quantity (O-1 mol) of the former was added to 17.3 g 
(0-l mol) of the latter in a 500-ml standard taper round-bottom ffask The mixture 
was reikrxed in 31x) ml of xylene, effkcting solution. Phosphorus oxychloride (4.0 ml) 
was added and refluxing resumed for 3.0 h_ The resulting mixture was filtered while 
warm to yield 28.0 g of airdried product, Washing sequentially witk ethanol chlora- 
form, and ether yielded 19.8 g of air-dried powder, A 7-4-g portion of this product 

0 from 350 ml of xyIene to yield 6.4 g of tan microcrys@ke product, 
232.0 to 232.5”. 



The 5-CM’-MSA was prepared by condensation of 2-hydroxy+chlorobenzoic 
acid and 4-nitroaniline in a manner analogous to that employed for the formation of 
2’-Cl41-NSA. The yellow crystalline material resniting from the xylene recrystalliza- 
tion had a melting point of 264.0 to 264.5”. 

The N,O-diiethyl derivative of niclosamide was synthesized using phase- 
trausfer alkylation, adapting reaction conditions from several SOT.I&~~~- A 2.0-g 
quantity of technical Bayluscide (ethanolamine salt of niclosamide) was dissolved in 
50 ml of 4% aqueous sodium hydroxide in a 500-ml screw-cap erlenmeyer flask. To 
this was added 100 ml of chloroform, 2.5 g oftetrabutylammonium chloride (TBACl) 
and 10.0 ml of dimethyl sulfate_ The two phases were stirred overnight using a magnet- 
ic stirrer. The chIoroform Iayer was separated and evaporated. The residue was 
partitioned between water and ether. The ether Iayer was washed successively with 
two portions of 2 M ammonia, one portion of 2 M sodium hydroxide and two portions 
of water. The ether was evaporated. Benzene was added and then removed by rotary 
vacuum evaporation in two successive steps to remove residual water. The residue 
was triturated with diethyl ether and the 1-l g of solid product fiitered from the mix- 
ture_ Recrystallization of a 500-mg quantity using isooctan*benzene yielded 400 mg 
of crystalline N,O-dimethylniclosamide, m-p. 169%170.0”, after vacuum drying: 
nuclear magnetic resonance (NMR) (C2ElCi3) 6 8.22 (d, 1, J=2.0 Hz, position 3’), 
8 794 {d, 1, J=7_0 Hz (J=2.0 Hz, meta splitting), position 5’1, 6 7.0 to 7.5 (m, 3, 
positions 4,6,6’), 6 6.62 (d, 1, J=7.0 Hz, position 3), 6 3.70 (s, 3, O-Cl-l,), 6 3.36 (s, 
3, N-CH3). The resmances are broader than would normally be expected. The mass 
spectrum is shown in Fig. IA. 

N,O-DimethylG!‘-chloro4’-NSA was synthesized by an analogous phase- 
transfer methyl&ion procedure. The recrystalIizeci (isooctane-benzene), vacuum 
dried product hzs a melting point of 92.6 to 93.0”: NMR (C?HCIX) 6 8-17 (d, 1, 
J=2.0 Hz, position 3’), S 7.90 (d, 1, J=7.0 Hz (5=2-O Hz, meta splitting), position 
5’),6 7.0-7.5 (m, 3, positions 4,6,6’) 6 6.5-7.0 (m, 2, positions 3,5), 8 3.72 (s, 3,0-CH,), 
6 3.36 (s, 3, N-CH,). A-gain, the resonances are broader than might have been expected_ 
The mass spectrum of N,0-dimethyl-2’-chloro-4’-NSA is shown in Fig. lB_ 

N,O-Dimethyi-5_chloro4’-NSA was prepared analogously to the above di- 
metbyl derivatives. The recrystallized (isooctane-benzene), vacuum-dried product 
has a melting point of 105.2 to 105.6”: NMR (C2HC13) 6 8.04 (4 2, J=9.0 Hz, posi- 
tions 3’,5’), 6 7.29 (s, 1, position 6), 8 7.29 (d, 2, J=9.0 Hz, positions 2’.6’), 6 7.21 (d, 
I, J=9_0 l-lz, position 9, 6 6.66 (d, 1, J=9.0 Hz, position 3), 6 3.59 (s, 3, 0-CH3), 
6 3.45 (s, 3, N-C&). The resonance peaks were of normally expected sharpness. 

Reagents 
Tetrabutylammonium chloride (85% pure, remainder n-butanol) was pur- 

CM from Aldrich (Milwaukee, Wise., U.S.A.), as was the methyl iodide, methyl 
toluenesulfonate (methyl to&ate) and methyl methanesulfonate (methyl mesylate). 
The dimethyl sulfate was supplied by Mahinckrodt (St. Louis, MO., U.S.A.). Benzene 
and methylene chloride were g@ss-distilIed solvents, available from Burdick and 
Jackson Labs. (Muskegon, Micb., U.S.A.). Ah other chemicals were reagent grade. 

Reaction product characterhtion was performed using a Hewlett-Packard 
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Model 5992 gas chromatugrap~ spxtrome~r-compilter system. St&k-s were 
performed using 1.83 m x 2.0 uun J.D. glass co&nns, one packed with 4% OV-101 
on 100-120 mesh Chromosorb W HP and a cmnd packed with 5% QV-101 on IQQ- 
120 mesh GasChrom Q. A helium flow-rate of I6 ml/min was used. Xnjector, columu, 
i&c &%ratck, and source teu~peratmes we& 250, 240, 240, and WV’, respectiveXy_ 
Ekctron-impact ioGzation was performed at 70 eV. 

A Varian Model 1700 gas chromatoograph equipped with an Aerograph 
scandium tritide detector was utilized for the optimization of reaction conditions and 
for the gas-liquid chromatographic anaiysis of sampIes by the optimized procedure. 
The column employed was a l.S3 m x 2.0 nun J.D. glass column packed with 5% 

OV-IOL on 100-120 mesh Gas-Chrom Q. The column temperature was 230” while 
the injection port was held at 260” and the detector at 270”. Nitrogen carrier gas at a 
flow-rate of 60 ml/mm was used. Analog data were recorded on a Varian Model 
9176 recorder. 

Proton NMR spectra were scanned using a Perkin-Elmer Model R12B spec- 
trometer. 

Melting points were obtained u&g a Fisher-Johns apparatus which had been 
calibrated using Fisher Thermetri’c standards. 

Hydrolysis of methyk#rxg agents m&r methylation conditions 
The rate of disappearance of methyl iodide under the derivatization condi- 

tions developed was followed by running proton NMR spe&ra on aliquots of tie 
methykne chloride layer taken at intervals during a methylation and comparing the 
intensities of the 8 2.14 singlet. Similar d&terminations were run for dimethyl sulfate, 
methyl tosylate, and methyl me&ate by noting the loss of intensity in the ‘H NMR 
spectra of the singlets at 8 3.94,6 3.68, and 8 3.87, respectively, iu methylerie chloride. 
The reaction comiitions were those utilizing 10 ml of CH,Cl, 250 mg of TBACI, and 
50 ml of 3.0% aqueous NaOH. 

Detemkattin af metizykzt~on e~c&mcies m&g vmimis metlrylatrirg agents 
Methyl iorfid. A 1.~ml volume of standard containing 25.61 ~&III of niclos- 

amide aud 25.16 pgfml of 2’-Cl4’-NSA in methanol was added to SO ml of 3.0% 
aqueous NaQH in a K&ml scrmv-cap erlenmeyer flask. A lO.o-mI quantity of methyl- 
ene chloride was added, followed by Mr mg of Tl3ACl in methanolic solution. After 
the addition of 2 mi of methyl iodide, the flask was equipped with a magnetic stirring 
bar, capped and stirred for time TX. Table I: shows the values used for MI and TX. 

At the end of .the stirring time a separatory ‘furmel was used to isolate the 
methykne chloride gayer. The fatter was drained into a Xknl screw-cap test tube. The 
aqueous layer was extracted with two S-ml portions of additional methylene chloride 
and these combmed with the original methylene chloride layer. The solvent was evap- 
orated on a steam bath and 10 ml of benzene added to the residue. After the benzene 
solution was partitioned with IO ml of water to remove phase-transfer reagent, a 5.0- 
ml aliquot of the benzene layer was tahen and evaporated to near dryness to azeo- 
trope residual water. A lknl quantity of benzene was added followed by 1 to 5 dilu- 
tion with benzene. This solution was then compared by GC-ECD with dilutions of a 
sbiidard containing authentic N,Q-dkethyInicclosamide and N,G-dimethyi-Z’ehioro- 
4’-NSA. 



lk@parJ-#t 

MI-1 
Ml-2 
_Mlf-3 
MI4 
MI-5 
&MI-6 
MI-7 

iii; 
MI-10 
MS-I 
MS-2 
MS-3 
MS4 
MS-5 
&MS-6 
&MS_7 
MT-I 
M&l-l 

Lki~~arizatifz c0fk-L convasion efJ_ I%) - 

AfEylankg -em, TBACI Rmmian time Nicl~ Y-CiZ-NSA 
bwhnze (MJ). Ml fw) T* tmin) 

MI 2.0 240 10 47.1 . 383 
Ml, 2.0 250 30 85.7 842 - 
MI, 2.0 250 45 9L2 88.6 
MI* 20 250 60 95-I 909 
Ml, 20 250 90 %.I 889 
M& 20 250 120 95.6 88.2 
‘MI, 2_0 250 240 94.9 86.4 
MI, 2.0 2543 9s 81.9 

hti. 20 25.0 90 91.0 z 
MI, 20 25.0 960 99.7 85:3 
&MS, 1.0 250 5 71.3 48.1 
MS, 1.0 250 10 78.0 63.6 
MS. 1.0 250 E 93.2 72.3 

MS. I.0 L# 91.2 87.7 
MS, 1-O 250 60 95.1 934 

MS. 1.0 250 120 94.2 95.0 
MS, 1.0 250 24Q %.7 93.4 
MT, 3.0 250 60 97-9 913 
MM, 1.0 250 120 460 56.7 

Diirethyl sulfate, merhyZ mesyare, and merhyi rosylate. Methylation trials were 
heId using a number of other methylating reagents36, including dimethyl sulfate, 
mezhyl mesylate, and methyl tosylate. Since the sulfkte and sulfonate reagents are not 
partkuhuly volatile, a step was kserted in which %aminoetha~ol was added to de- 
stroy excess reagent and the methyiene chloride layerextractedwithwater_ Themethyi- 
ene chloride was then evaporated and the conversion eBkiency determination coa- 
tinuexi as outlined above. 

The methylation prod=& of niciosamide and 2’U-4’-NSA weAte identifkd by 
separate derivatization runs of 5fX+g qua&it@ followed by Gc-mass spectrometry 
analysis_ The methylated products were compared to authentic N,0-dimethyIniclos- 
amide and N,O-dimethyW&ior~-NSA. 

Test to estabiish thepossibiiity of i%aWe inhibition of nidosami&ph4se_tr~~ alkyla- 
rihl 

Into a lZS-ml screwcap erfenmeyer Bask was placzxi_ 10 ml of C&Clti 56 ml 
of 3% aquco*~~ scxikm hydroxide, 20 ml of 125 mgfml T’EACI in -OX and 2.0 
ml of methyl iodide. This m&m-e wasstirredfor9omin.AtthispointI.OmEwa.s 
added of a sofution contaiaing 25.7 ,ugiml of niclosamide and 25.8 &ml of 2’-CM’- 



NSA in~methanol_ The reaction was &owed to proceed with magnetic stirring. The 
>eliow c&r was extract& into-the @H,cI, immedia*Cey anti then disappeared with 
time- The sample was prepared for GC-ECD analysis as outhued previously. The 
fmal dihrtion was compared with the mixed dimethyl standard to determine conver- 
sions. 

into a 125-ml screwxap erlenmeyer ff ask was placed 1 .O ml of a solution con- 
taining 25.7 ~&ml of niclosamide and 25.8 p&ml of 2’-Cl4’-NSA in methanol, 10 ml 
of CH,cI, 58 ml of 3 y0 aqueous sodium hydroxide, and 25 mg of TBACI. This mix- 
ture was capped and stirred magnetically for 3 min. The two layers were separated 
using a separatory funnel and one 5-ml CH,Clz rinse. Each was placed in a separate 
125-ml erlemueyer f&k. To the organic layer was added 50 ml of 3 % aqueous N&H, 
250 mg of TBACll and 2 ml of CM& To the aqueous layer was added 10.0 ml of 
CHzClz, 250 mg of TBACl, and 2 mi of CH,E. Each was stirred for 90 min. Both 
_smpIes were prepared for GGECD anaiysis as outlined previously. The final 
dilution was compared with the mixed dimethyl standard to determine conversions. 

Linearity and precision stxciies 
A IOO-ml quantity of 251.6 &nl of 2’-Cl-4’-NSA in methanol was made up 

as was a similar quantity of 256.1 pgjml of 99.4 % pure niclosamide standard. Careful 
and accurate dilution produced solutions containing 25.16 pg/ml of internal standard 
and 0.0,5.122,25.61, and 51.22 rug/ml of uiclosamide standard. 

Into a 25%ml erienmeyer flask equipped with a t&on-lined screw-cap were 
placed 1.0 ml of the fortifying solution, 10.0 ml of methylene chloride, 50 ml of 3.0% 
aqueous NaOH, and 2.0 ml of 1Z mg/ml TBACl in methanol. The sample was stirred 
rapidly for 1 min. A 2.O-ml quantity of methyl iodide was added followed by moderate 
stirring for 75 min. 

in each case the mixture, after 75 min stirring, was transferred to a P21ml 
separatory funnel_ The methylene chloride was drained into a XI-ml screw-cap test 
tube and the solvent evaporated on a steam bath using a boihng capillary. A lO-ml 
quantity of benzene was added, followed by vortex&g. The benzene layer was parti- 
tioned against 10 ml of water in the test tube. After separation of the layers, about 8 
ml of the benzene layer was transferred by pipet into a 20-ml test capillary. ‘phe benzene 
was evaporated to near dryness on a steam bath using a boiling tube. The residue was 
diluted to about 10 ml and the resulting solution mixed and diluted 1 to 3 in benzene. 
About 2~1 of this dilution was injected into the GC-ECD instrument in duplicate 
for each of the niclosamide concentrations to establish the peak height ratio for each. 
The peak height ratios were plotted against the total Fg of niclosamide in the sample 
to arrive at the standard curve. 

Rnalysis for nk~omrni& in tecknicd grade Bayhscide, stagnant water, and urine using 
methyl z222we 

A 30.3mg sample of technical grade Bayluscide, Chemagro batch number 
1124-21, was weighed into a IOQ-ml volumetric flask and diluted to the mark with 
methanol- A 5B-ml aliquot of this solution and a like aliquot of 251.6 pg/ml internal 
standard were added to a Xl-ml volumetric f&z& and diluted to the mark with meth- 



anot.T%iee 1-d qnantities were derivatized in the same manner as for the standard 
curve procedure using methyl iodide and were quantikd by GC comparison to a 
tafibmtion cnrve run con+znrmntiy. 

.&iphcate dekrmkations were made on sampks fortified with 25.16 pg of 
internal standard and 25.61 pg of nicksamide in urine and then in stagnant, dirty 
water. In these determinations a solvent extraction, prederivatimtion, sample cleanup 
WaS Id&d h this pXBC&llZ, W&II I&&Z& fOi U&e ChElUp, 25 Id Of uhine Was 

added to a I25-ml separatory furmel and forti&d with internal standard and nicIos- 
amide. This was followed by the addition of 0.5 ml of I2 N HCI and swirling to mix. 
The aqueous acid solution was then partitioned with 50 ml of diethyi ether-tokene 
(50:%). The aqueous layer was drawn -off and discarded. A SO-ml quantity of 3.0% 
aqueous NaOH was added to the separatory funneI and the mixture shaken. The 
aqueous layer was theu drained into a 250-ml erlenmeyer Bask. To this was added 10 
ml of metbykae chloride and 2 ml of 125 mg/mi TBACl in me&as&, followed by 
I min of rapid magnetic stirring. The 2.Mni addition of methyl iodide was made and 
the derivatization completed as for the calibration standards. The only variance from 
this procedure was the insertion of a plug of cotton 3 cm long into the delivery tube 
of the separatory furme when the methylene chIoride was separated from the aqueous 
portion of the derivatization mixture. This technique broke the minor emulsion in the 
methyiene cfitoride phase and permitted the cokction of a ckar methykne chloride 
Iayes. 

The same procedure was used for the stagnant, dirty water samples except that 
50 ml of the stagnant water was taken and no emulsion problems were confronted. 

An experiment was run to establish the minimum detection limit for niclos- 
amide in water. A sample with deionized water and one with stagnant, dirty water 
were each fortified with 2.516 pg of internal standard and 0.5 122 pg of aiciosamide. 
Each was analymd using ffie above procedure up to the point where benzene is eva- 
porauzd from the Xl-ml test tube. Here the sample was quantitatively transferred 
using benzene to a benzene-saturated and compressed bed of Celite 3 cm deep in a 
Z-cm diameter cohunn. The column was eluted with 10 ml of benzene. The eluate was 
evaporakd to near dryness and diluted to about 5 m! with beme prior to GC-ECD 
quantitation. 

Character.btion of the dimethyi deriwtirm ofni&samide and the two intemalstan&rd 
candabs 

The characterization of the N,Gdimethyi derivatives of niclosamide, 2’-Ci4’- 
NSA, and 5-C&4’-NSA by ‘I4 NMR yielded important information. The spectrum 
of N,O-dimethyl-ECI4’-NSA was sharp, while the two derivatives with chlorine in 
the 2’ position exhibited broad peaks_ The broadness, which was quite apparent in 
both methyl peaks of each of these two compounds, is due to restricted rotation about 
the amide bond. A lower temperature would yield the ‘H NMR m of the in- 
ditiduzl rotamers. The barrier is high relative to that for the 5-chloro compound 
because chlorine in the 2’ position inhibits the attainment of the co&narity neces- 
sary for the deiocaIization of ekctron density into the pnitrophenyi moiety. Thexe- 
fore, negative charge density dekcakation toward the carbonyl occurs, lending ap- 



preciable double bond character to the amide bond. The structural similarity of 2’-Cl- 
4’-NSA to niclosamide in the amide portion of the molecule identifies it as the better 
of the two internal standard candidates. Its dimethyl derivative is also better separated 
chromatographically from N,O-dimethylniclosamide on OV-1Oi than is N,O-dimeth- 
yl-s-CW-NsA=. 

CC-mass speetrometric characterization of the N,O-dimethyl derivatives of 
nkIosamide and the chosen internal standard yielded the mass spectra shown in Fig. 1. 
In the former the molecuk ion is seen at m/e = 354 with isotope abundances as 
expected for the presence of 2 chlorine atoms. The base peak at m/e = 169 is due to 
the fragment formed by amide cleavage_ Corresponding peaks in the dimethylated 
internal standard are seen at m/e = 320 (molecular ion) and m/e = 135 (base peak). 

Survey OfmethyZating reagents for rhe phase-trmrsfer methyintion of nicZ&nide 
The proton NMR hydrolysis studies revealed that 77,89,4 and 12% remained, 

respectively, of methyl iodide, methyl tosylate, dimethyl sulfate, and methyl mesylate 
after 2 h of stirring under the adopted methylation conditions. 

Methyl iodide proved capable of derivatizing niclosamide and the internal 
standard in high and comparable yield w&in 1 h (Table I). The presence of sub- 
stantial 0-monomethylated niclosamide and internal standard was noted at shorter 
reaction times, indicating that N-methylation is a stower process, as expected, than 
C-methylation- The volatility of the methyl iodide allows easy removal of excess from 
the derivatizatioa mixture_ The cleanup procedure does not completely remove the 
(C.&&N+ I- from the sample in the benzene-water partition step, so that an appreci- 
able “reagents peak remains when the GGECD determination is run. The peak seen is 
due to pyrolysis products of (C&I&N+I-. This peak does not affect the analysis_ In 
cases where the concentration of the analyte in the unknown is small and a more con- 
centrated sample must be injected, a rapid, simple Celite chromatography step may 
be used to remove the (C,H,),N*I- as outlined in the Experimental 
secQiOQ. 

The other three methylating agents have drawbacks which make them less 
suitable for the analysis. Each of the three requires an ethanolamine step to destroy 
excess rea_gent_ Methyl tosylate methyIates rapidly and ef%iently (Table I) and 
hydrolyzes at a slow rate but yields several substantial peaks in the chromatogram 
emerging prior to the internal standard These could interfere with the analysis of 
samples ~utaining low concentrations of niclosamide. Dimethyl sulfate methylates 
efficiently also (Table I), but its half-life due to hydrolysis is less than 15 min under 
derivawtion conditions. Since niclosamide methylates at an appreciably greater 
rate in dimethyl sulfate than does the internal standard, a sample matrix which 
enhances the rate of consumption of dimethyl sulfate would produce high results. The 
methylating agent would be exhausted before the internal standard was completely 
methylated. Methyl mesylate hydrolyzes only somewhat less rapidly than diiethyl 
sulfate and is a substantially poorer methylating agent, as shown in Table I. 

Phase-trmrsfer methylafrbn of niclosamide and internal standkd using methyl iodide 
Methyl iodide possesses sign&ant advantages over other methylating agents 

tested, and therefore was chosen for tinal development of the method- Fig. 2 shows a 
reaction rate study (samples ML-1 to MI-8, Table X) for the phase-transfw alkylation 



me*&od using CHd as the akylating agent_ Niclosamide was more rapidiy and es- 
ciently methyl&& than 2’-Cl-4’-NSA, but by T= 75 min *both reactions leveled off 
to yield a constant and reproducible conversion ratio. At T = 75 m& over 90% of 
the me’thyl iodide remaked so that the problem encountered with the relatively rapid 
kJdrolysis in the case of dimethyl sulfate was avoided. The absence of O-methyl-Z- 
chloro-Q’-NSA imi&ztes that none of this materM remained unreacti in the methyl- 
ene chIoride gayer. 

An ex@anation for the Iower conversiou of the internal standard relative to 
niclti& was son@~L An experiment was performed to determine if the iodide ion 
formed by hydrolysis of methyf iodide could tie up, or “poison”37J9 the phase- 
transfkr cation sx&ciedy to dra&Aly Iowez the methylatkzn rate. However, when 
a blank reaction with added methyl iodide was allowed to stir for 2 h before fort&- 
cation and subsequent W-min stirzin~, 0 conversions of 94.?“/0 for nicIosamide and 
90_I % for the internal standard resulted_ These values are comparable to a ~lormal 
dexivatization run. No apprcciab!e rate reduction occmzedasaauitofthepresence 
of iodide iozx. The~3&ore, anions derived fmm niclosam~ _& and the titemal starxdard 
compete favorably with iodide ion with xespect to iop-pair extractability into methyk 
ene chloride_ This result suggests a&o that there is EZO appaeat contribution of a 
(C,H,),N’OH- species in the organic phase to theextractive akyiation process. The 
presence of a substantial quantity of iodide ion would competitively preve~~t the ion- 
pair extraction of bydmxide, and reaction dqx&ing on OH- in the bulk organic 
pbBew&&dbeiz%h&&k 

An experimerkt was rtm Which demortsted that as littIe as 25 mg of TBACI 



CiC~-OF NICbGSAMIDE ’ 385 

was dcient to quantitativdy extract both the inted staiidard compound and ni- 
closamide from 50 ml of 3 % aqueous base using 10 ml of methyleue chloride (see 
Experimental section)_ Thus, und er the reaction conditions, niclosamide and the in- 
ternal standard nndergo quantitative ion-pair extraction and the aqueous phase 
serves primarily as a reservoir for hydroxide ion dnring the alkylation procedure. The 
enhancement of overah methylation rate due to ind TBACl concentration is 
attributed to participation of the TBA cation in the reaction occurkg iu the organic 

Phase. 

Lrkefzrity studies and appticatikms 
The OV-101 stationary phase was chosen to minimize the columu tempera- 

ture required for analysis and to maximize the separation, which depends on the 
dif%erence of one chlorine between the intemai standard and niclosamide‘. Some early 
chromatograms utilized Chromosorb W HP as a solid support, but this material was 
not suthcientiy inert to avoid some peak tailing. The use of 5% OV-101 on 100420 
mesh Gas-Chrom Q, a silanized support, provided chromatograms with excellent 
linearity and minimal tailing. 

Standard-curve data for the derivatization of niclosamide using methyl iodide 
are surmnarized in Table II. Fig. 3 shows the corresponding GC-ECD traces. The 
data demonstrate that the linearity of the analytical system is quite good as is the 
precision at the 257~9 level. The range represented is that corresponding to treatment 
levels, 0.1 to 1.0 ppm niclosamide in water. Pre-derivatization extraction from aqueous 
acid and/or post-derivatkation c&nup of samples allows the determination of 
much smaller concentrations if necessary. 

TABLE II 

STANDARD CURVE DATA FOR NICJLOSAMIDE IN WATER USING METHYL IODIDE 
AS --LATING AGENT 
Relative standard deviatim (m = 3) at 2.5 pg level = 2.1%. Conditions: 50 ml of 3.0% NaOH; 
250 mg TBACl; 10 ml CHrClr; 2-O ml metiyi iodide. 

0.0 0.0 -0.103 
s-122 OX541 5.02 

25.61 0.785 26.0 
51.22 1.538 51.0 

* calculated from the least squazs line, y = mx -I- b (m = 0.03007; 6 = 0.00310; rt = 0.99987. 

The pre-derivatization extraction ckanup procedure was developed to remove 
iuterferiug materials_from uriue and other prospective uiclosamide sampIe matrices 
which are capable of hydrolyzing the methylating agent. The niclosamide is first extract- 
ed from aqueous acid into a diethyl ether-tohxene (5050) layer. This solvent has the 
advantages of being lighter than water, providing high extraction efficiency, minimizing 
the tendency for emulsion formation, and yielding the analyte to aqueous base, The 
aqneons phase is drawn ogtogether with many potential interferants. The uiclosamide 
and internal standard are then extracted into aqueous base, providing a second separa- 
tion from potential iuterferants. The phase transfer occurring during the derivatktion 
provides an additional extremely sekctive separation step. 

Detmninations were made of Bayltide purity in technical grade Bayhrscide 
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