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Synthesis and Characterization of
Arsenobetaine and Arsenocholine Derivatives
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Multigram quantities of arsenobetaine bromide

and arsenocholine iodide were synthesized from
trimethylarsine using uncomplicated techniques.
Arsenobetaine bromide and arsenocholine io-
dide are both non-hygroscopic. Arsenocholine
iodide is, however, light-sensitive and should be
used with actinic glassware. Both compounds
were characterized by elemental and spectro-
scopic techniques and found to be suitable for
use as primary analytical standards.© 1998
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INTRODUCTION

identified as arsenobetamand later determined to
be the major organic arsenic compound present in
marine species such as fisA®® crustacears®®
and molluscg:?*° Arsenobetaine is essentially
non-toxi®** and is rapidly excreted in the urine
of mice, rats and rabbits. Organic arsenic present
in flounder (probably arsenobetaine) is also rapidly
excreted in the urine of human volunteé?s?
Arsenocholine is found only occasionally in marine
specie$*°but is of interest because of its probable
biogenic relationship to arsenobetaf&’®

Only a few report3'”*® and two thesds?°
provide experimental details for synthesizing
arsenobetaine and arsenocholine compounds.

The purpose of this study was to synthesize
commercially unavailable, non-hygroscopic deri-
vatives of arsenobetaine and arsenocholine on a
preparative scale using uncomplicated synthetic
procedures. This paper details the synthesis of these
compounds along with their complete analytical
characterization.

Arsenic occurs in the environment in a variety of

forms, including arsenite(lll), arsenate(V), mono-

methylarsonic acid, dimethylarsinic acid, arseno-MIATERIALS AND METHODS

betaine and arsenocholine. Both organic and

inorganic trivalent arsenic compounds are far mor

toxic than pentavalent arsenic compouhidsiue to Reagents

the high affinity of As(lll) for thiol groups Distilled-in-glass grade solvents (BDH Inc., Tor-

commonly present in enzyme systems. Compoundsnto, Canada) and ACS reagent chemicals were

containing pentavalent arsenic probably interfereused. Trimethylarsine (M@s) was purchased from

with oxidative phosphorylatiof. Strem Chemicals Inc. (Newburyport, MA, USA)
While marine species have been known for manyand was stored in a Teflon joint ampoule under N

yearé to contain high levels of arsenic (up to at low temperature (approx °€C). Bromoacetic

100 ppm), the lack of observable toxic effectsacid, bromoethanol and sodium iodide were

among seafood consumers indicated that theurchased from Aldrich Chemical Co. (Milwaukee,

arsenic was present in a non-toxic form. However,WI, USA) and used as received.

it was not until 1977 that the arsenic compound was

Instrumentation
All NMR spectra were recorded on a Bruker

* Correspondence to: R. Minhas, Materials Technology Laboratory,
CANMET, Ottawa, ON, Canada K1A 0G1.
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Table 1 ICP MS operatingconditions

Forwardpower 1350W
Reflectedpower 0-2wW
Nebulizerflow rate 0.95| min~*
Cooling flow rate 13.01 min~?!
Auxiliary flow rate 0.901 min~?*
Spray-chambetemperature 5°C
Massmonitored 75amu
Acquisition mode Dual scanning
Dwell times 320us/640us

AM400 spectrometerequipped with an Aspect
3000 computer and a 16 bit Analog to Digital

Converter(ADC). The °C and 'H spectrawere
acquiredat 400.13and 100.61MHz respectively.
Thespectravererunin DO at24 °C, usingsodium
2,2-dimethyl-2-silapetanesulfonate(DSS) as the
external chemical shift reference standard
(0.00ppm). Elemental analyseswere carried out
using a Perkin-Elmer Series (Il) CHNO 2400
analyzer.Total arsenicwasdeterminedwith a VG

PlasmaQuad Il ICP massspectrometerSystem
operatingconditionsarelisted in Table 1. Quanti-
fication was by comparisonwith externalarsenic
(As) standardsBoth standardsand samPIeswere
preparedin 2% HNOs; with 10ngml™" indium

addedas an internal standard FAB massspectra
wererecordedn aKratosConceptlIH instrument.
The cesiumion gun was operatedwith an 8kV

acceleratingvoltage and glycerol (3-nitrobenzyl
alcohol)wasthe calibrationstandard.

Synthesis procedures

Most of thereactionswerecarriedout eitherunder
anN, flow orin anAtmosbad™ (Aldrich Chemical
Co., Milwaukee, WI, USA) connectedto an N,/
vacuumsystemin a well-ventilatedfumehood.

Arsenobetainebromide,

[MezAstCH,COOH]Br ~

MezAs (2.1ml, 19.7mmol) was placedin a 50ml
flask containing 20ml of toluene and cooled to
5°C. Bromoaceticacid (2.8g, 20.1mmol) was
addedto this solution; precipitation started im-
mediately after mixing the two reagents.The
reactionmixturewasstirredfor 6 h andthencooled
at(— 20°Cfor halfanhour.Thesolidwascollected
by filtration, dissolvedin hot ethanoland filtered
again.Thefiltrate wascooledto 5 °C, uponwhich
white shinycrystalsstartedo separateThe product
(4.99, 18. 9 mmol, 96% yield) was collectedand
dried.

© 1998JohnWiley & Sons,Ltd.

Arsenocholinebromide,

[MesAs™CH,CH,OH]Br ~

MezAs (2.0ml, 18.7mmol) was transferredto a
reacti-vial (5.0ml) inside an Atmosbad™ and
BrCH,CH,OH (1.3ml, 18.3mmol) was addedto
it. The reacti-vial was closed, taken out of the
Atmosbad™ and sealedwith Teflon tape. The
mixture washeatedat 75 °C (usinga block heater)
for 72h until the two separatdayers of reagents
homogenlzedEverythlng solidified upon cooling.
Insidethe Atmosbad™, the solid wasdissolvedin
warm acetonitrile and filtered. The product (ar-
senocholinebromide) separatedat room tempera-
ture. The product (4.0g, 16.3mmol, 89% yield)
was collected and dried under vacuum in a
desiccator Arsenocholinebromideis white, crys-
talline andvery hygroscopic.

Arsenocholineiodide, [MesAs™CH,CH,OH]l ~
Arsenocholine bromide (4.0g, 16.3mmol) was
placed in a flask (wrappedin aluminum foil)
containing acetonitrile (50.0ml). Sodium iodide
(2.59, 16.7mmol) wasaddedto it. The flask was
closedandthe solutionwasstirredfor 2 hours.The
synthesiswas performedin the absenceof light.
Sodiumbromide,a by-productof thesynthesisywas
filtered off at the end of the reaction.White, non-
hygroscopicrystalsof arsenocholinédide (3.8,
13.0mmol, 80% yield) formed upon cooling the
filtrate to 5°C. The crystals were collected and
dried undervacuumin a desiccator.

RESULTS AND DISCUSSION

Reaction yields were significantly improved if
trimethylarsinewas handledunderan inert atmo-
sphereratherthanin an N, flow, thus minimizing
evaporativelossesof the compoundduring reac-
tions. Prewouslyreportedproceduresfor arseno-
choline iodide*"*°?° resultedin a low yield of a
yellow semi-solidproductinsteadof the expected
white crystalline material. However, when the
reactionconditionswere modifiedto excludelight,
high yields of arsenocholinéodide were obtained.
Initial attemptsat drying the product at 100°C
resultedin decompositionAll further drying was
performed under vacuum at room temperature.
Arsenocholindodide must,therefore be protected
from light andexcessiveheatduring synthesisand
storageto achieveandmaintainhigh purity of the
complex.Both reportedcompoundsanbe readily
synthesizean a multigramscale.

Appl. OrganometalChem.12, 635-641(1998)
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Table 2 *3C NMR parameters

9 (ppm)
Compound MesAs ASCH, COOH CH,OH
[MesAs" CH,COOH]Br 10.50 33.28 172.46 —
MezAs " CH,CH,OH]I 10.56 31.19 — 58.51
NNR spectra However,datafor thesecompoundsverereported

in two theses®>?° The generalappearancef the
The H and '°C spectrafor the compoundsare  spectrain thesereportsandin the presentwork is
consistentwith the structures.The proton spectra similar. The chemical shift values reported pre-
are shown in Figs 1 and 2 and the carbon-13 viouslyfor arsenocholinéodidediffer significantly
chemicalshiftsaregivenin Table2. As faraswe  from each other and from the present work.
are aware, no NMR spectral data have been  However,the relative protonchemicalshift values
reported in any previous journal publication. are very similar, with one report® listing proton

T T T T T T T T T T 1
55 5.0 45 4.0 35 3.0 25 2.0 1.5
PPM

Figure 1 *H NMR spectrumof arsenobetainbromide.
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Figure 2 *H NMR spectrumof arsenocholingodide.

chemicalshifts that were 0.4 ppm largerthan ours
and the othef® 0.8ppm smaller. It would appear
thattheseotherworkershadproblemsn settingthe
chemicalshift referencevalue. For the arsenobe-
tainebromide thetwo reportedsetsof *H chemical
shifts differed greatly from each other;**° even
thoughtheywere runin the samesolvent(DMSO-
de). The'H chemicalshiftswe found (usingD,0O as
solvent) agree fairly well with one report?
indicating that there was probably a referencing
problemin the other study® The chemicalshift
assignmentgseebelow) of the resonanceso the
protons and carbons for both compoundsare
straightforwarcandagreewith the previousreports.

Arsenobetainebromide
In the *H NMR spectra(Fig. 1), the singlet at

© 1998JohnWiley & Sons,Ltd.

1.997ppmis attributedto nine equivalentprotons
of the MesAs group and the secondsinglet at
3.577ppm is assignedto the two protonsof the
AsCH, group.The protonratio as calculatedfrom
theintegrationof peakss 8.98:2(9:2). Thesignalat
4.726ppm is causedby an HOD impurity in the
D,0O solvent.

The signalsfor MezAs groupC-atomsin the *C
NMR spectraresonateat 10.504ppm. The singlets
at33.28and172.46ppmcorrespondo AsCH, and
COOH groupsrespectively(Table 2).

Arsenocholineiodide

The *H NMR spectrumof arsenocholineiodide
(Fig. 2) is characterizedby a methyl singlet at
1.967ppm, a sharptriplet at 2.718ppm from the
methylenegroupattachedo thearsenicatomanda

Appl. OrganometalChem.12, 635-641(1998)
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Table 3 Elementalcompositionof arsenobetainbromideandarsenocholindodide (calculated/found)

Analysis (%)
Compound C H As As (ppby
[MezAs™CH,COOH]|Br 23.2/23.2 4.67/4.63 28.9/29.0 50.0/49.2
MesAs™CH,CH,OH]I~ 20.6/20.6 4.83/4.79 25.7/25.7 51.3/49.5

@ Determinedoy ICP MS, compoundspreparedas 50 ppb (asAs) solutionsin 2% HNOs.

broad signal at 4.039ppm due to the CH, group
attachedo OH.

The two high-field signals at 10.56 and
31.19ppmin the *3C NMR spectrumare assigned
to the MesAs methyl group andthe AsCH, group
respectively.The resonanceat 58.51ppm is from
the CH,OH group(Table 2).

Mass spectra

Arsenobetainebromide
The base peak at m/z 179 corresponds to

[MeszAs*CH,COOH], whichis formedby cleavage
of Br (Fig. 3). Fragmentationproceedsby the
loss of methyl groups and cleavageof acetate
groupsto give rise to the fragment compounds
with masses 535, 357, 135 and 120 corre-
sponding to 2[MezAs"CH,COO]Br + H,0,

2[Me;AsCH,COO]+ H", Me,As™ and MesAs,

respectively.

Arsenocholineiodide
The base peak at m/z 165 correspondsto
[MezAstCH,CH,0OH] (Fig. 4). Aside from this

100 — 179.0
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51
=
[
-]
b=
2 50-
<
2
=
=
Q
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535.0
] k 713.0
o LLild
200 400 600 800
Mass

Figure 3 FAB massspectrumof arsenobetainbromide.
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Figure 4 FAB massspectrumof arsenocholinéodide.

peak, a few other fragmentsare observedat m/z
values of 457, 120, 105 and 57. These are
assignablego 2[MesAstCH,CH,0] +1~, MesAs™,
Me,As™ andAs™, respectively.

Elemental analysis

Theexpectegercentagesf C,H andAs werevery
similar to those found (Table 3) by elemental
analysisFurther theactuallevelsof As foundin 50
ppb (asAs) solutionsof eachcompoundexamined
by ICP MS (Table 3) were 96.5 — 98.4% of the
expectedvalues.

CONCLUSIONS

The arsenobetaineand arsenocholinederivatives
describedn this studycanbereadilysynthesizedh
multigramquantitiesusingthereportedorocedures.
Both compoundarenon-hygroscopicstable(if the

© 1998JohnWiley & Sons,Ltd.

precautionsoutlined for arsenocholindodide are
noted) and suitable for use as primary analytical
standards.
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