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IXTRODUCTIOXN

Although aromatic arsinic acids have been investigated extensively?, the dialkyl-
" arsinic acids have received relatively little attention.

Bunsen® prepared dimethvlarsinic acid by heating potassium acetate with
arsenic trioxide. The cacodyl oxide, (CH,),ASOAs(CH,),, formed from this reaction
oxidizes in air to cacodylic acid. Baever® converted cacodyl oxide to cacodylic tri-
chloride, (CH,).AsCl;, and obtained dimethyvlarsinic acid by hydrolysis of this
compound. Alkvlarsonic acids, obtained by means of the Mever reaction?, can be
reduced to the arsenosoalkanes. Dimethvl-, diethyl-, methylethyl-, and methyl-
n-propylarsinic acids were prepared® by the reaction of arsenosoalkanes with alkyl
halides. The conversion of alkvlarsonic acids to alkyvldichloroarsines by SO, and HCl,
and their reaction with alkyl halides vielded® diethyl-, di-s-propyl-, #-propvl-z-butyl-,
di-n-butvl-, diisopentylS, z-butvl-iz-pentyl-?, w-butyl-n-hexyl-'°, and n-butyl-n-hep-
tylarsinic acids®. Diethvl-11-13, methylethvl-12, ethyvl-iz-propyvl-12, and methyl-n-propyvl-
arsinic acids!? have also been prepared by the oxidation of dialkvlhaloarsines. Small
amounts of arsinic acids have also been shown to form from the oxidation of trialky]-
arsines by atmospheric oxigen or hvdregen peroxide. Diethvl-1%.13, di-i-propvi-13,
di-n-butyl-13, dicyelohexvI-13, and ethyl-n-butyviarsinic!* acids were isolated from such
reaction mixtures.

The reaction of iscamyl chloride witlhh AsCl; In the presence of sodium metal
followed by treatment of the resuliing diisopentvichloroarsine with bromine vielded
diisopentylarsinic acid®. Oxidation of Et;AsOR and MeBuAsOR with 520, vielded
diethyl- and methyvl-n-butylarsinic acids'”. Finally, the reaction of arsenic trioxide
with iso-Bu,Al and oxidation of the resulting oxvbis(diisobutylarsine} has vielded
diisobutylarsinic acid!s.

We have had need for water insoluble long chain dialkvlarsinic acids in our
metal ion extraction program, but none of the above mentioned methods was found
suitable for the synthesis of these compounds. It has been shown!® that the Mever
reaction? gives low vields and requires extremely long reaction times when higher
alkvl halides are emploved.

This paper describes the use of (diethyvlamino)dichloroarsine®, Cl,AsNEt,, as
an intermediate in the preparation of the C,-C,, arsinic acids in yields from 50-8o %,.
This reagent, which contains only two chlorine atoms, reacts with the Grignard re-
agent with very small amounts of impurities being formed. The product of the Grignard
reaction is hydrolyzed with HCl The hydrolysis product, which enters the ether
layver, following oxidation yields the dialkylarsinic acid.
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EXPERIMENTAL

Reagents

The C;-C;, Cy-C. and C,5-C,, #n-alkyl bromides were Eastman Organic Chem-
icals; the bromides C,; and C;; and the chloride C,;, Matheson, Coleman and Bell
Chemicals; C,, was supplied by Columbia Organic Chemicals. 1-Bromoeicosane and
1-nonadecyl alcohol were purchased from K&K Laboratories. r-Nonadecyl bromide
was prepared from r-nonadecanol®!. Technical grade arsenic trichloride was purchased
from Baker Chemical Co.. and was distilled prior to use. Diethvlamine was purchased
from Matheson, dried over sodium hydroxide and redistilled. Diethyl ether anhyvdrous,
a “‘Baker Analyvzed Reagent”, was refluxed over sodium wire after addition of benzo-
phenone until a dark blue color indicated complete dryness™. Prior to use, the dryv
ether was distilled into the reaction vessel under an atmosphere of nitrogen. Di-n-butyl
ether, an Eastman Organic Chemical, practical grade, was refluxed over metallic
sodiurn and redistilled twice. All other solvents were used without purification.

{Drethvlaniso)dickloroarsinz

{Diethylaminoldichloroarsine was prepared according to Kamai and Khistova?®.
The final distillation of the product was carried out at reduced pressure. The observed
b.p. was 617 at 2 mm. The compound was collected in a calibrated, pressure equalizing
dropping funnel. Thus, the yield (S5-o°.) could be easilyv determined, and the
amounts needed in the various reactions could be dispensed in the absence of anv air.
This compound Is extremely sensitive to air and moisture.

Di-sz-ociviarsinic acid

15-Octyvlmagnesium bromide was prepared by the addition of 386 g (z moles} of
1z-octyl bromide dissolved in 1 liter of diethyl ether to 48.6 g Mg turnings under nitro-
gen. The Grignard solution was stered in a brown bottle and its concentration de-
termined by acid titration®3.

Into a nitrogen-flushed 1-liter three-necked round-bottom flask, equipped with
a. reflux condenser, mechanical stirrer, and calibmated dropping funnel was placed
250 wl of drv diethyl ether. By means of a calibrated funnel, 120 ml of the solution
containing the s-octvimagnesium bromide {0.15 moles; 102, excess} were measured
into the flask. While maintaining a positive nitrogen pressure inside the flask this
unnel was exchanged for one containing the (diethvlaminojdichloroarsine. \While
tirring, and cooling with ice and water, 1omi of the arsine (0.0675 moles) were dropped
stowly into the Grignard solution. After all the arsine was added the cooling bath wax
removed and the reaction mixture was brought to room temperature.

The mixture was then retfluxed for an additional 2 h. Hydrolvsis was carried
out at ice-water temperature by the addition of ro ml of concentrated hydrochloric
acid diluted with 300 ml water. After refluxing for an additional hour, the layers were
separated, and to ml of 30 °, hydrogen peroxide were dropped into the ether solution
at ice-bath temperature. The oxidation reaction was quite exothermic and precipita-
tion of dicctylarsinic acid as a white cryvstalline solid was noted. After completion of
the hidrogen peroxide addition the mixture was refluxed for several hours. The
solution was cooled and the acid which separated was removed by filtration through
a glass fritted funnel. The acid was washed with acetone, and dried. After two re-
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crystallizations from an ethanol/water solution the acid was obtained in flakes which,
after drying at 60°, melted at 129°. The vield of recrystallized product was 18.2 g
(S0 2, of theory).

Magnesium turmings (I.35 g, 0.055 mole) were placed into a nitrogen-flushed
500-ml three-necked flask equipped with stirrer, reflux condenser, and calibrated
pressure equalizing dropping funnel. A 20-g quantity of bromoeicosane was dissolved
in 100 m! of sodium-dried, freshly distilled diethyvl ether and this was added at once to
the turnings. A small crvstal of iodine was put into the flask, the ether was refluxed,
and the iodine color disappeared. Heating was continued until most of the magnesium
was consumed. This required an entire dayv. The eicosyvlmagnesium bromide solution
was transferred through the pressure equalizing arm back into the dropping funnel by
rotation of the reaction vessel. The total volume of the solution was determined and
smlwere withdrawn in order to determine its concentration3. The remaining solution,
110 ml (0.042 moles), was allowed to flow back into the flask. Then 2.8 ml of (diethyl-
amino)dichloroarsine (0.019 moles) were added dropwise. Hydrolysis was accomplished
by the addition of 5 ml concentrated hyvdrochloric acid diluted with 150 ml water.
Oxidation was carried out with 30 ml 309, hydrogen peroxide. The arsinic acid
separated as a very fine crystalline solid. After the addition of 200 ml of s-butanol,
which functions as the recryvstallizing solvent, the mixture was refluxed for 2 h and
cooled. The precipitate was filtered, washed with acetone, recrystallized from #-butanol
and dried at 60°. The acid had a melting point of 119-20°. The vield of recrvstallized
product was 7.5 g (60°; of theory).

Other arsinic acids

The Cy;, Cy6, Cy;, Cyy, and Cyy acids were prepared according to the method
described for the C,, compound. The procedure described for the preparation of
dioctyvlarsinic acid was the one used for the preparation of the C; to Cy; acids. In the
case of the C;, Cg, and C. compounds, cooling of the reaction mixture prior to isolation
of the acids is advisable. The solvents used for recrystallization are shown in Table 1.

Preparation of di-n-octviarsinic acid jrom arsenic trichloride

#-Octvimagnesium bromide was added to arsenic trichloride in a mole ratio
of 2:1 and the ether solution was oxidized with hyvdrogen peroxide. The solution was
treated in the conventional manner, and a vield of g 2;.0f theorv of di-n-octylarsinic
acid was obtained. This product was identical in everv respect with that prepared
from ClLAsXNEt,.
Neutralization equivalent

A Corning pH meter model 12 was used to obtain titration curves. The C;, Cg,
C., and C, acids were dissolved in ¢35 °, ethanol; the C4—C,; acids were dissolved in
95 °, ethanol containing sufficient chloroform to efiect dissolution. The C,—C,, acids
were titrated at 70" in isopropanol containing a small amount of chloroform.

RESULTS AXND DISCUSSION

The sixteen dialkvlarsinic acids prepared are listed in Table 1 along with
pertinent data. The series of di-s-alkylarsinic acids is now complete from C, through
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TABLE 1
DIALKYLARSINIC acIDs, R_As(O)OH

n-R Analyvses caled. Recryst. solvent{s) M.p?b Neutral. equiv.  Yieldd
(found) caled. (%)}
C H As (found)

acetone, water, 132° 2350.2 50

n-C.H,,. EtOH {250.2)

acetone, benzene 13127 278.5 50

r-C.H,,, r-Bu,O° (279-4)

acetonc/EtOH, 12677 300.3 69

n-C.H,. n-Bu,O {305.2)

EtOH. x-Bu,O, 129° 3344 St

benzene {336.0}

EtOH, n-Bu,Q, 1267 30623 60

1-C.H, ¢ (362.5)

EtOH, n-Bu.O 1277 390.3 63
{390.4}

EtOH. 12-Bu.O, 12337 31835 7o

2-C.Hq (115.0)

E:tOH, -Bu,O, 12357 146.6 To

benzene f332.1)

EtOH, »-Bu,0, 123-1° 3746 6o

2-CoHyg (475.0)

E:OH. #-Bu.O, 12y? 302.7 ;o

n-heptane {5070}

EtOH, #-Bu.O, 123—4°  530.7 50

n-CHyq {530.3)

-CoHyg, 22-BulO, 122-3° 558.3 50

iso-PrOH {550.0)

1:—(‘:}—{ 18- z-BuOH 1zo0—-1°> 5%0.9 a9
(590-0)

E1OH, r-C-Hy,, 121-27 9149 Tz

z-BuOH i620.3)

2-CoH . 2-BuOH 1207 043-0 o1
{836.0)

12-CoH,,, 2-BuOH, 119-20° 6710 60

EtOH iso-PrOH {6654 .0)

nalyvses have been performed by Galbraith Laboratories, Rnoxville, Tennessee.
LRCOITeTTe: oo ml water was added to the #-Bu,O to keep the temperature
ased upon fnal, recryvstallized product.

C.o- The first {our acids (C,~C,} can be synthesized according to Quick and Adams®,
while the others are easilyv obtained by the method described in this paper in vields
of at least 50°,.

The reaction sequence is represented as follows:

AsCl, = 2 {C.H.NH —— CLAsSN(CH;). — (C.H.NH-H(l {(5)
{CoH.NAsCL, = 2 RMgX —— {C,H;i.NAsR, = = MgXNdl {=
{C.HuNAsR, — H,O — (CH;LNH =+ HOASR, (3)
R.AsOH + H.O. —— R.As{O!OH = H,O (1)

The (diethylamino)dichloroarsine is conveniently distilled and coilected in a calibrated
dropping funnel for future use. While stored therein it must be sealed from the at-
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mosphere. During three months’ storage no major decomposition was noted, but the
colorless liquid became vellow or light brown. Reactions (2), (3), and (4} are con-
veniently carried out in the same flask. The water laver, after hvdrolvsis, is withdrawn
under reduced pressure.

All of the di-n-alkylarsinic acids are white crystalline solids*. At room tem-
perature all are soluble in chloroform.

Refluxing of the reaction mixture for several hours after oxidation improves the
crystallinity and purity of the products and facilitates their filtration. Dialkylarsinic
acids with alkyl groups C,;H,, and higher are precipitated as very fine crystalline
solids and sometimes form emulsions. The latter can be broken up by the addition of
di-n-butvl ether or sn-butanol and additional refluxing. The lower acids (C;—-C;) are
somewhat soluble in diethyl ether and their vields are improved by cooling the re-
action mixtures prior to filtration. The intermediates, (diethvlamino)dialkylarsines
and their hydrolvsis products were not isolated.

Tzschach and Lange? showed that in the presence of excess Grignard reagent,
the arsenic-nitrogen bond is cleaved according to the equation:

{CaH;)aN—As{C.H;). - C.H MgBr — (C.H;)3As +-BrMgN(CoHj)a.

Because of this, the Grignard solution should be added slowly to the arsine with
vigorous stirring. It is very difficult to prepare ether sufficiently dry to avoid some
hydrolysis of the aminoarsinedichloride. For convenience, (dialkyvlamino)dichloro-
arsine was dropped into the Grignard solution. Thus, there was alwavs present an
excess of Grignard reagent until two thirds of the calculated amount of the arsine was
added. If the reaction had proceeded in the manner described by Tzschach and Lange,
the main product of the Grignard reaction should have been trialkyvlarsine. The latter
would then have been converted to the arsine oxide upon oxidation with hydrogen
peroxide.

If the splitting of the arsenic—nitrogen bond would have taken place in the
svntheses reported herein, it would have been impossible to obtain these acids in
vields of 70 °;. Since the oxidation of trialkvlarsines has been shown to vield the arsinic
acids in vields of oniyv 2-5 ¢,15, it 1s unlikeiv that the trialkvlarsines were formed and
then oxidized to the arsinic acids by cleavage of one of the alkyl groups. The relativelyv
low vields in the case of the C; and Cg arsinic acids (see Table 1) and the failure of the
pre=ent method to give the C, and C, acids suggests that the arsenic—nitrogen bond in
(dicthvlamino)dichloroarsine is cleaved by an excess of Grignard reagent. This cleavage
takes place almost completely when the alkyvlmagnesium halide is C; or lower; to a,
limited extent with C; and C; alkvimagnesium halides and not at all with larger alkyl
groups. The reason for this behavior might be due to steric factors, viz., that the long
chain alkyl groups prevent excess Grignard reagent from approaching the arsenic—
nitrogen linkage. Further experiments are being carried out and more data will be
accumulated in order to better understand the behavior of the arsenic-nitrogen bond
towards Grignard reagents.

® The preparation oi Grignard solutions of C,; and higher halides®® must be dome with
extremely drv ether and great care must bLe taken to axoxd formaticn of hydrocarbons which
makes purification of the higher dialkylarsinic acids difacult

J- Organomeial. Chem., 6 (1966) 17-2
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In Fig. 1 the melting points of the di-n-alkvlarsinic acids, R,As(O)OH, are
plotted against the number of the carbon atoms in the acids. \With the exception of
the dimethyl derivative, the melting points of these acids exhibit alternation, i.e.
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Fig. 1. Melting points of dizlkviarsinic acids as a function of the total number of carbon atonis in
the

1.
> molecule. Obtained from ref. 5 7{CH,).AsOOH , refs. 7 and 15 (C.H;).AsOOH, (C;H;),AsOOH
and {C,H,a).AsOOH _; all others were observed during the course of this study.

the odd members of the series melt at a lower temperature than the two neighboring
even members. The alternation decreases rapidlv with increasing length of the alkyl
groups. The compounds Cy—C, ail melt in the rather narrow temperature range of
rrg-130°. It appears that the series of di-n-alkvlarsinic acids tends to reach the same
convergence temperature of 112-115° as has been calculated for the carboxyvlic acids
by King and Garner®. This alternation in the melting points may be attributable to
the same reasons that have been suggested for the carboxylic acids®.

The marked drop in melting point from 2007 to 1387 in going from dimethyl-
arsinic acid to diethylarsinic is quite striking. The high melting temperature of the
Me,As{O)OH is probably due to the existence of unusually strong hydrogen bonds in
this molecule which are not hindered by the small methvl group. In the case of the
diethyvl and higher acids, the alkyl groups may be too bulky to allow for the formation
of a hyvdrogen-bonded svstem of equal strength.

In Fig. 2 is shown the differential thermal analyvsis curve obtained for the C.
arsinic acid. The small endothermic peak observed at a point just preceding the large
peak at the melting point was noted also for the C; and C. acids, the only ones thus far
studied using this tool. This peak might be due to a crystalline phase transition, which
occurs prior to melting. Similar transitions have been found to be a general property
of long chain compounds®. The endothermic peak may result also from a thermal
dehydration process.

Either cause will bring about a change in the basic hydrogen bonded structure.
A complete study of the differential thermal analvsis and thermogravimetric behavior
of these compounds along with infrared and NJMR investigations has been initiated
in this laboratory to aid in understanding this behavior.

J. Orzanometal. Chem., 6 (1960) 17-23
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Fig. 2. Differential thermal analysis curve of (C,4), arsinic acid.
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SUMMARY

The use of {diethvlamino)dichloroarsine as a very useful intermediate in the
preparation of C;-C,, arsinic acids is described in this paper. This reagent, which
contains only two chlorine atoms, reacts with the Grignard reagent with very small
amounts of impurities being formed. The melting points of the arsinic acids exhibit
alternation of the tvpe observed in the fatty acids and the melting point appears to
reach a convergence temperature. The differential thermal analysis curve exhibits an
endothermic peak just prior to melting which is probably due to a crystalline phase
transition.

REFEREXNCES

1 M. Duy, Organometallic Compounds, Yol. 111, Springer-Verlag, Berlin, 1962, p. 331.
2 R.BuxseN, Ann. Chenr., 37 (1841) 17 32 (1842) 13.

3 A. BaevyEeRr, Aun. Ckem., 107 {1853) 208.

3+ G. MEYER, Ber, 10 (1333) 1439.

5 RI. V. AUGER, Compl. Rend., 137 (1903} 925.

6 M. GUerBET, Compl. Rend., 152 (1926) 638.

7 A. J. Quick axp R. Apawms. J. Am. Chem. Sec., 34 (1922) S11.
3 R. Pierscu axp E. PicHLER, Mikrockim. Acta, (1961) 532.

o R. PieTscu axp P. Lvbwig, Afikrochim. Adcta, (1964) 1082,

10 R. PiETscH, private communication.

11 N. WiGREN, Ann. Ckem., 437 (1924) 292.
12 N. \V1GREN, J. Prakt. Cheir., 126 (1930) 223.

13 \W. LaCostg, Ann. Chem., 208 (1831) 33-

J- Organosmetal. Chem., 6 (1g66) 17-24



Te W Wy e

BN GVl e

~

K. IRGOLIC, R. A. ZINGARO, M. R. SMITH

M. E. P. FrizpricH axp C. S. Marver, J. Am. Ckem. Soc., 52 (1930) 379-

A. MERIFANIAX aXD R. A. ZiNGaRo, Inorg. Ckem., in press.

W. H. Deux axp B. B. \Wircox, Am. Ckem. J., 35 (1906) 49.

7 G. Kayar axp B. D. Cuzrxoxav'sxis, Dokl. dkad. Nauk SSSR, 128 (1959) 299; Zh. Cbsch.
REim., 3¢ (1960} 1536-

S V. Stasrd AND A. BREINDEL, dngew. Chenz., 76 (1904) 99.

C. K. Baxxws, J. F. Morcax, R. L. CLarkx, E. B. HaTELID, F. H. Kauter, H. WW. Paxrtox,
E. J. Cracoe. K. J. ANGRES, B. ErpEry, R. F. CoLes, J. LawHEap axp C. 5. HayrroN,
J-An:. Crem. Soc., 69 (1947) 927-

G. Kastar axp Z. L. Kuisatova, J. Gen. Chem. (USSR), 26 (1956) E25.

J. Casox, H. J. WorFHAGEN, W. TarpEY axp R. E. Apaxs, J. Org. Chem., 14 (1949) 152;
Collective Vel., 2 (1933) 246.

M. S. KEARASCH AND O. REINMUTH, Grigrard Reactions of Noz-metallic Substances, Prentice
Hall, New York, 1954, p. 23-

H. Grryax, P. D. WiLkixsox, W. P. Fisuer axp C. H. Mevers, J. Am. Ckem. Soc., 45 {1923)
150.

H. Stipa axD A. GEMASSMER, Ber., 72 (1939) 1171

A. TzScEHACH AND \V. LaNGE, Z. dinorg. Aligem. Ckem., 326 (1903} 280.

A. M. Kixc axp W. E. GARNER, [. Caem. Soc., (1936} 1395,

A.\\. Rarstox, Faity Acids and their Dericatives, Wiley, 1948, p- 324, 353.

Ref. 27, p- 332.

. Orgarcmetai. Chzm., 6 (1960} 17-24



