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THE USE OF ARSENIC. TRICHLORIDE
AS A SOLVENT IN NMR SPECTROMEIRY-

I. INTRODUCTION

Since Union College has had its Nuclear Magnetic
Resonance Spectrometer, a great many organic compounds
have been analyzed. Several more might have been iden-
tified if they'could have been dissolﬁed in a suitable
solvent. The expense of deuterated splvents and the lack
of suitable sqlvents for some' compounds have led to the
conéideration of inorganic compounds for use as solvents.

: Szymanski}(1) has published an article dealing with
the use of antimony trichloride (SbCl3) and arsenic tri-
chloride (ASCl3)'&S solvents, primarily for infra-red
spectroscopy, but secondarily for NMR spectra as well. -

He does not go into any detail, but merely suggests the
usefulness of these compounds as solvents and lists two
lgroups of comﬁounds; those reacting with SbCl3 and giving
altered specira, and those not reacting, giving essentially
unchanged spectra., The following is a partial 1isting of
these groﬁps: ‘

A, UNREACTIVE COMPOUNDS:

Benzene Phenyl acetic acid
Acetone p-nitrobenzoic acid
Napthalene Resourcinol
Tetra-anisylethylene Napthol

Suceinic acid Propylene ,

Anisic acid 9 2,% di-hydroxyacetophenone



B. REACTIVE COMPOUNDS:

Trimethyl amine . Benzoic anhydride
Triehtyl amine Cholesterol

Dimethyl aniline 3,% toluene diamine
o-aminophenol Organo phosphorous acids

O0lah (2) has also reported the use of inorganic
‘solvent'media, having analyzed reaction mixtures with
NMR in a mixture of Antimony (V) flouride and sulfur
dioxide.

In the case of all previously considered solvents
for NMR, both the nature of the solvent and the relative

concentration of sample to solvent affect the chemical

shift of protons. This-is especlally:true of hydroxyl and-.:

amine protons. These factors, however, do not affect the
spin coupling constants or splitting patterns of known
spectra. It was hoped that this would be the case with

the inorganic solvent to be investigated.
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ITI, EXPERIMENTAL

SbCl3 and AsCl3 were considered likely choices for

-study, and AsCl3 was chosen for the initial work since it

is a liquid at both magnet temperature and room temperature,
while SbCl3 is a solid at both temperatures.

A Varian A-60 NMR spectrometer operated at ambient
magnet temperature was used for all measurements. Spectra
were taken of a number of compounds from both of Szymanski's
groups in both a standard solvent and AsCly, and also neat
if the compound was a 1iquid. The spectra taken in stan-
dard organic solvents (or DgO) were to be considered as
standards and the spectra taken in AsCl3 were to be judged
against these standards.

In order to avoid concentration effects on the chem-
jeal shift, an attenpt was made to run each sanmple at ap-
proximately the same concentration in each solvent. This
proved to be difficult since certain compounds were only
slightly soluble in one solvent or the other. Nevertheless,
uniformity was maintained in so far as was practical.

Bach spectrum was run at the highest possible or prac-
tical gain setting with a sweep width of 500 hz./sec. Peaks
with a shift greater than 500 hz./sec. were included in in-
serts. Integral curves were taken‘wherever feasible and
desirable. | '

Tetramethyl silane (TMS) is the standard NMR reference

peak, and this was used in the AsCl3 spectra and all standard



T+

spectra except those taken in water. DSS was used as
a reference in water.

From the unreactive group, spectra of the following
compounds were taken in both a standard solvent and AsCl3:

Acetone

Acetic Acid

Benzene

Napthalene

Resourcinol

o-Napthol

Propylene glycol

Phenyl acetic acid was run in CDC13, but was insoluble
in AsC13‘ Anisic acid was run in DMSO but was insoluble
in AsCl3. Succinic acid and p-Nitrobenzoic acid defied
adequate solution in any solvents.

From the reactive group, spectra of the following
compounds were taken in both standard and inorganic sol-
vents:

Triethyl amine

Dimethyl aniline

Benzoic anhydride

N-butyl amine was run to supplement the above
group. Aniline reacted in AsCl3 to form a solid product
which could not be analyzed by NMR, and o-aminophenol
defied solution in either solvent.

Several of the liquid samples were also analyzed neat.



ITII. OBSERVATIONS

Arsenic trichloride is magnetically active, so it
should have a NMR spectrum, but it should appear at an ent-—
irely different field strength from that in the A-60. It
seemedpecessax'y,'however9 to analyze the sample of AsCl3
which was to be used. This spectrum was taken at the maximum
feasible amplitude. (Figure 1) This spectrum shows two peaks,
at 458 hzi/éec.*andl¥6h~hz;/sec. These peaks appear in the
midst of the aromatic range but they are of relatively low
strength, so they would not be likely to give trouble with
respectable sample concentrations and normal amplitude set-
tings. These peaks were attributed to the presence of
impurities in the AsCl3, which was quite old, and of unknown
original purity. Water has been considered, but there are
two peaks, rather sharp, and at quite fixed chemical shift.
No further attempt was made to identify the peaks.

The unreactive compounds as a group exhibited essen-
tially identical properties, so that they can be discussed

in general terms. Chemical shifts seem to be affected slightly,

B

ost peaks being shifted a greater distancé from IMS, .In
some cases, these shifts could be explained by concentration
differences, but in the case of benzene, the shift of 24 hz./
sec., would seen To be due to the ASCl3.

Spin coupling constants in the unreactive group,
where observable, were strictly meintained. Reduced sharpness
was observed in some peaks or groups, such as napthlene.

LI
{

The greatest observable effect of AsCl3 in the



unreactive group involved the hydroxyl protons of napthol

and propylene glycol. Figure 2 shows the spectrum of

napthol in CDCly and AsCly., In the CDC13 spectrum, the

hydroxyl peak is not located, although the entire spectrum

‘was scanned separately. (1000--0 hz./sec.). In AsCl,,

there is a relatively sharp hydroxyl peak at 4.75 ppm.
This is suitably located in the range for phenols, which

s given as 7.1--%.2 ppm. (3)

|

Propylene glycol, a liquid, was run in tnree states:
neat, in CDCly, and AsCly. These three spectra are shown
in figures 3 and %, Clearly, there is a considerable dif-
ference betwgen the patterns presented in all three cases.
The hydroxyll§éak3 which appears at 3.4 ppm in the neat
form, and at 3.8 ppm in CDCIS is shifted to 7.1 ppm in
AsCly. Also, while the methyl peak doublet is only slight-
ly shifted the other two peaks for the protons bound to
the hydroxyl carbons and merged in‘a fanily of small peaks
from 3.5-%.2 ﬁpm'in AsCly.. Clearly, identification of
this AsC13 speétrum by the usual means would be quite
difficult. -

In'the:reactive group of compounds, an entirely
dlfferenu set of c1rcumstances was found., First, the
process of dlssolutlon of almost all of the reactive com-
pounds in AsCl3 involved an obvious and definite chemical
reaction, This reaction produced bubbling and spattering

and evelved both heat and dense white fumes. In most cases



the reaction left a liquid product, but in the cases of
piperidine, pyrrolidine, and aniline, the reaction of
'two liguids produced a solid product, which was clearly
not suitable for analysis.

The spectrum of benzoic anhydride (Figure 5) is
.changed less than any other in this group. There was a
nominal change in the chemiﬁal shift and the major spin
coupling constants were unchanged.v What did change slight-
ly was the splitting pattern, which was increased in com~-
plexity. As can be seen, there are additional splits in
two of the four major peaks. Since splitting is caused by
neighboring magnetically active atoms, the possibility of
a new atom on the molecule, namely arsenic in some form,
must be consdiered., This possibility will be considered
more fully later.

Normal butyl amine is another case of a reaction
that is not easily identified. Comparison of the two spectra
(Figure 6) taken}in CClL), and AsCl3 show a vast change in
the character of the molecule with the presence of.AsC13.

( The sp¢ectrum of the neat llQUlQ was also taken and is
essentially 1dent1ca1 to that in CClL,. ) The amine protons
in CCly, give a sharp peak at 1.3 ppm. In AsCl3, this

peak 1s shifted to 7.3 ppm. The alkyl peaks are broadened
in AsClg9 which is unusual for alkyl peaks, and three tiny
new peaks appear at 3.7y 3.85, and 3.95 ppm. The general

broadening is typical of hydroxyl and- amine hydrogens in



general, and indicates rapid proton exchange, which is un-

likely in alkyl groups, but can occur.

- .

cx -

The two most clear cut cases are N,N-dimethyl aniline
and triethyl gmine. (Figures 7 and 8) In both cases, chem-
ical shift increased significantly although, the major spin
coupling constants remained the same. The difference was
most easiiy observed in the splitting patterns. In bot
cases, the protons on the carbons adjacent to the nitrogen
showed secondary splitting as if a magnetically active atonm
were attached to the nitrogen. Such ant additional atom on
the nitrogen could also be responsibile for the increased
chemical shift.

In the triethyl amine, it is difficult to elassify the
additional splitting to determine the number of additional
atoms on the nitrogen. In the case of dimethyl aniline,
however, the situation is more obvious. The singlet methyl
peak at 2.85 ppm in CDCl3 is shifted to 3.2 ppm and split
into a doublet, indicating a magnetically active atom on
the nitrogen. The very wide split, perhaﬁs into twb,separate
peaks rather than a doublet could be explained by stearic
rotation hindrance caused by a bulky group bonded to the
nitrogén, creating slightly different environments for the
two methyl groups.

Some consideration must now be given to the reaction
which occurs between the amines and AsCl3. The evidence

L)

indicates, as might be expected, that the nitrogen atom is



the reactive site on the amines. Since the protons on
carbons adjacent to the nitrogen are split, we know that th
new substituent must be magnetically active9 but since it
gives no spectrum of its own, the substituent is almost
certainly the arsenic. In the primary and secondary amines,
protons can be replaced, but this does not seem to be the
case, and in the tertiary amines, there is no proton to

replace. The evidence also eliminates the possibility of
alkyl groups being replaced. This leaves us with the
possibility of a reaction producing something ansalogous
to an ammonium salt, i.e. RyNAsClo™ Cl-.

Most reported reactions of halo-arsenic compounds
with amines or ammonla suggest the substitution of an amine
hydrogen with arsenic, which has lost a halogen.(%) and (5)
Also, arsenic trichloride reacts with diphenyl amine to
produce phenarsazine chloride, with arsenic attached to
carbon in the rings.(6)

Phosphor&us trichloride and trialkyl amines react
to form the addition product R3NP013, which should give
spectra ldentical to those observed, if the same reaction

occurs in the arsenic case. This reaction seems to explain

the data best.(7)



10
IV. PROBRLEMS

In 2ddition to the obvious problems of too much reac-

tion or too little solution, a definite problem was encoun-

14

tered with the A3013 which could be aof great importance and
considerable expense in practical applications. All the
sample tubes used with AsCl3 or stored for cleaning near
others used with AsCl3 developeé very inert deposits of
paramagnetic matérial, apparantly arsenic salts. This made
it almost impossible to use these tubes since erratic results
were obtained and peaks were broadened and split, and tuning,
if achieved, could not be maintained.

Nitric acid, the cleaning agent previously used,
was ineffective in removing these deposits. Ethanolic
potassium hydroxide and chromic acid both gave equally dis-
appointing results. 4qua regia (hydrochloric acid and
nitric acid) finally removed at least® a major portion of
the deposits, enabling the tubes to be used.

Cleaning was accomplished in a large tube closed
at one end. The sample tubes were placed open end down in
the tube and covered with cleaning agent. The tube was sealed
and evacuated by a water‘aspirator. When the vacuum was
broken gently, cleaning agent flowed up into the tubes.
This was repeated several times before the tubes were rinsed
with water, aéetone9 and finally chloroform by the same pro-

cedure. The tubes were blown out with nitrogen to dry then.



V. CONCLUSIONS

Based on the evidence presented, it is felt that
arsenic trichloride will find only limited usefulness as an
NMR solvent. Certain substances will dissolve in AsCl3
while they will not dissolve in conventional solvents, and
these substances may 5e run in AsCl3 to advantage if they
‘are not of the reactive type.

Arsenic trichloride may be useful, however, in an
applicatiop previously not considered. This applicatlon is
based on its reaction with”amineé. Since AsCl3 reacts
with and affects the spectrum-of amines, it may be extrem-
ely useful for structure confirmation in complex amines,
or for structure determination in unknowng. Further work
could be done with other nitrogen compounds to determine
usefulness in these cases. Work could alsoc be done with
the unreactive group to catalogue the changes in chemical
shift for diffe:enﬁ groups and classes in AsCl3, increasing
its usefulness as a solvent for general use.

Arsenic trichloride will probably never replace the
standard organic sdlvents for NMR, but for certain purposes

it may prove to be quite useful,
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Figure 2
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