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Ereparation of New Arainic doidp apd Eatera
Iotroduction |

Work was started ob July 1, 1963 under Contract Noe DA 18-064-AMG=135 (A)
to prepare arsinle acid compounds contdining biologlcally sdtlve moietles such as
tripls bonds, pyrrolidone rings, aromatic halo, -nitro aiil ~ethoxy groups, and

hydroxmlkyl groups.

This ims the fipal report isoued under thias contracts Monthly Letter
reports were issued from July 31, 1963 to May 31, 1964 Quorterly Reports were
issued each quarter from July 31, 1963 to June 30, 1964 and a Letier Report
vas iseued coverihg the period July 1, 1964 to September 30, 1964

Sugmary_or Abgirach

Forty-two new arsinic acldo wores gynthosizod end submitted to the
United Btates Army, Biologlonl Laboratdries, Fort Detrick, Frederick, Marylend,
for soreening. Dlological data was received on the primary soreoning results
of all compounds prosented. Of the forty-two oompounds sutmitted, twenty-four
received & rating from 18 to 24 whioh is consldered highly active,

Risguanion

The forty~two arsinis acids sulmitted undor this Oentract ere listed
in Table 1 according %e funational groupse In Table 2 the ocmpounds are listed
aocording to their aotivity,
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A, Purification of Avsinio Aclds

Bacause of the great difficulty of separating watew soluble ealts from
the lower molecular weight, water asoluble arsinic acida, the use of & aulfonic acld
ion-exchange resin wap investigated, It waa found that arpinic eolds were strongly
held to the resin and good separation from salt was possible, A general descriptlon
of the method used for lon-exchange purifications 1s ap follows. The material %o
be purified is dissolved in a minimum amount of methyl alcohol, filtexed if neces=
sary, and the aleoholic solution carefully applied to & column containing the Jon~
exchange regin (IR-120 Kt form)s (The resin is previously washed several times with
wmethanol and placed in the column. in methanol)s The column is then eluted with
one to three litera of methanol, The first materianls to be eluted are hydrogen
halide aoida and small amounts of a very durk coloyed olly material, When the
wfflusnt becomes ¢lear, colorless, and neutral, the eluent is changed to & 208
water-£0% methanol melution. The water concentration of the sluent 1s gradually
incroused to 100%., In peveral cases the arainio acid was removed before the
pystem was 100X aqueouss In other cases it was necessary to use a 0.1N NN OH
golution ag the eluent, The removal of produat from the column cen be easily
dotected by a pH ohange of the effluent. Whon the inorganic aclds and lmpurities
montioned above are removed from the colwmn, the pi of the effluent will return
to approximately 7. When the arsinic acld 1s being removed the pH of effluent
drope to pH 3.2 to 4.0 When the pH returns to 7 it is assumed all the arainio
apid 1s removed, When ammonium hydroxide is used as the effluent, & pharp rise
in pH will be noted when the arsinle acid is romovede The product is recovered
by remaval of the solvent at reduced prosaure in a rotating evaporator,

Some srsinic nolda vere purified by orystaliication from a methanole
ether solution in a dry-ice-iaupropanol biathe

The samples to be purified were dissolved in up to 500 volumes of
agetons, Thorough stirring of this solutlon upunlly resulted in preoiplitation
of the deairsd product. In poveral instsnces it wus noceseary to use & dry=
loe=iacpropanol bath along with the stirring. :

Pure products were obtalned by Soxhlet extraction of the final resldue
with absolute ethanol, Crystalilzatlon of tho produot was induced by addition
of acetone to the extracted materiml after removal of the alochol,

Purification of solids wus socomplinhed during aocidification of the

- reaction mixtura by filtration and thoraupgh washing with acetone,

Inpurities were removed by placing the solids obtained in water at
50°C, and filtering while warm. The solids collected on the filter pad were
thoroughly washed with water snd acetono. o

'P. Dete 1 £ Purit

1. Analysis by Titration

The ourves in Figure 1 Tepregent the titration of gn arsinic agid
{Curve A), an arsonic soid {Curve C), and an unknown ccmpound isclated from the
reasction of propargyl bromide with sodium butyl arsonite (Curve B), The curve
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Contral Renearch Laboratory 3

for allyl propyl areinie acid (A) shown one sharp bresk while the unknown compound
(B) ahows two., Curve C was obtainod Ly titrating benzonsnracnie acid with standard
sodium hydroxide dgolution and 1like B shows tuwo breaks. Fligure 2 repregents a

curve obtalned by titrating trisodium arsenite with etandard acild solution down %o
pli 3. From the curves shown ln Figures 1 and 2, it can be seen that titratlon
readily dintingulehes botween arsinle acidy, arsonic ascids, and sodium argenite.
Thin method can be uped for ropid and quantitative dotermination of the purity

of the product. '

2+ Petormination of Arpnnig

Place a woighod onmpla in a Kjeldahl flaank with 10 ml. of cone. Hy30,
and hoat to boiling. Add 0.5 ml. allquots of 30% H;0, &t intervale until a olsar
solution ls obtained. Cool the polution and dilute to approximately 50 mi. with
distillod wator. Add 5 groms of KI sid hoat 1/2 hour on & steom baths Cool and
reduce the 42dina with Q.18 NazGO, to thyodano end polnte Noutralize to phenole
phthalein vé h NoaC0y, add 0.5 gruma HellCOy, and titrate with Q.1N I to the
thyodone end point,

Lo x 8 Lo x 7,40) = f Ag

whe X 2

0 [ the,

1. {Pro Argonie Acid

Three hundred and ninety-six grama (2.(M) of srsenic trioxide was
Sdded in small inorements to 1200 ml. 10N sodlum hydroxide solution. An foce-
bath was necosgsary to maintain a lLonpersture botwecn 65«70°C. during the addi-
tion of the arsenic trdoxide., The {co~bath was replecod with the heating mantle
and the solution heated to 70°C.  Four hundred and ninety-two grams (4.Q4) of
propyl btromide was then added from the dropping funnel at a rate to maintain
"~ the temperature of 65-70°C.« Upon complete addition of the bromide, the solution
was roiluxed for 36 hours and an additional 123 g. (1.0} propyl bromide added,
Reflux was contimied until titration of an aliquot with atandard lodine solution
showed the reaction to be 85-9(0% complete /1/, The reacticn solutioh was cobled
to room temperature and filtereds The filtrate was noutralized with concentrated
HCls An lco-bath was necsasary to malntain the temperature between 25~30°C,
during neutralizations Tho neutral mixture was again filtered and the {iltrate
goncentrated to about 1/2 volume. The solution wam again ¢poled to roan tempera=
ture and filtered.

The asolids obtained up to this point were primarily NaCl, NaBr and
unrescted sodium arsenite. All molids obtalned in the following steps contained
inorganic salts and product.

. The filtrate was noidified with concentrated HC1l to pH 4.0, The
. ‘temperature was kept below 30°C. during acidiflicatlons The solution vas filtered

LA

/1/ The progress of the Tenctlon can be fallowed by periodically removing 1 ao,
of the reaction solution and titrating the unreacted sodium arsenite wiih
standard iodine polution using starch-lodine paper to determine the end point.
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and the filtrate concontrated to about 1/2 volume. It was cooled to room tem=
perature and filtered again., The filtrate was acidified to pH 3.0 and f1ltered
again, By further concentrations and filtraticns more product was isolated from
the iiquids The greater part of tho product was obtained after acidification to
pH 4.0 and belows Tho solids obtained were titratud with atandard base to deter-
mine the aspsay of the product in sach., The product was purifiad by recryatallima-
tion rfﬁz/a minimum amount of water. Yields 520 ge (778 of theory), M.P. 125=
127°C.

2 lvl Pro Arpinio Agjd

Allyl propyl arsinlc acld waa syntheaized by the reaction of allyl
bromide on sodium propyl arsonitc as followst Propyldichloroaraine (O.BAMX

wag addod to 175 mls of 1ON NaOH at room tomporature. Tha resulting solution

was cooled to 15°C. and allylbromido (0.54) wos added at & rate to maintain

the renction tempoarature below 30°G. Theo golution wap then refluxad for 2.5
hours and an additional half molo of allyl bromide added. After gtanding
overnight, the reaction solutlon was rofluxed for two hours, cooled to room
tomporature and several grams of proecipitated salts removed by filtration.

The filtrate was extracted with bonzene to remove excess allyl bromide, neutrae:
lized with concentrated liCl, flltercd and poncentrated to one-half volume,

It was filtered again, and the pil of thig filtrate was adjusted to 3.5, 4t

this pH an oll separated from tho solution. The oll was separated f{rom the
agueous layer, dried and refrigorated, A emall amount of orystallization of

the oil oocurred after B di,s swirigeration, snd thoge crystals redissolved

in the remaining oll during attempts to soparate them from the oil by filtration.

The purified product was obtained by the method desoribed in A~l
‘above and crystallized as deperibed in A-2,

Yields 10 g.

MsPol g1~-95°C,

Asnayed for Argenict Calculated, 39.51%; found, 39.84%.
Neutral Equivalents 101% of thoory.

Brominations 101% of theory.

Soluble in water, acetons, and alcohol.
=Hyd thyl-n-butyl Arsinic Acid

Ethylene oxide (12 g.) (0.274) wan reacted with n-tutyldichloroarsine
(51 g.) (0.2%M) 1in 10N sodium hydroxide aclution {160 ml.). Acidifiostion and
concentration of the reaction solution and sther extraction of an alonuolie solu=-
tion of the fina) concentrate resulted in the inclation of a alightly vincous
ethor solutlon. Roemovdl of the ether left a very viscous residue which when
disgolved in a minimum amount of methanol and diluted with ether yleidoed 15 g.
of a white tacky solid. GConcentration of the alcoholesther filtrate yiélded

72/ The air-dried soiid rractiona can be titrated with standard baae to pH 7
for a olese eptimate of the aspay. Ono grom of pure prudunt uill require
14438 nle of O.5N HaOH. _
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19 g« of a yollow, viscous oil. Titration of u sample of the oil with atandard
alkali resulted in & neutral oquivmlent of B8.8% of thoory. A sample of the
sompound was sutmltiod for arsenic assay, nnd 1% was found to contaln 33.7%
arpenic (Celculated 35.65%). Analysas of this product by gas ohromatography
showod 3,2% sthyleno glycol and smaller quantities of di~ and triglycols. These
glycols are normal Ly-products of reacllions of othylene oxlde in strong caustio.
Calculation of the arsonie content bagsed on the presonos of 3.2% ethylene glycol
ylelds a value of 97.5% of thoory for the remaining produoct,

Neutralization Equivalents 94% of theory (based on the content
of impuritiéa)

Soluble in water, alcohol and acetons.

~ heo Ehonyldichlorvarpine
Phenyldiohloroarsine wag synthonizod by the method of Quick and Adams./l/

One hundrad and ninety grams of phenylarsondc acid was added to 800 ml,
concentratod HCl ocontalning one gram of potussium fodine. Sulfur dioxide was
passed inte the solution until the solution wap paturated, Using a separatery
funnel, tho oily dlchlorcarsino was separated from the aqueoous layer, dissolved
in benzena and dried over colcium niiloride, Removal of the benzene repuilted
in a yleld of 220 g. of ambor lquid. Tlis compound was used witheut further
purifioation.

5. Ally)l Phenyl Arsinic Acid

Fifty-five grams (0.231) of phenyl dighlorcarsine was alowly added
to 200 ml. of 10N MaOH at 15°C,.-20°C, Thirty-five grams (0.29M) of allyl
bromide wag added at a rate to malntain the temporature at 20°C., The reaction
eolution was refluxed for 2 hours and an additional 20 ge of allyl bromide was
added, Reflux was continued for an additicaal hour. The sclution was cooled
to room temperaturs and 10 g. of palts flltered off. The pH of the filtrate
was adjusted to 7 with concentrated HCL and precipitated salts removed by
filtration. The filtrate wag then concentrated to approximately two-thirds
volums and adjusted to pH 5.5 with concontrated HCl. Precipltated salte were
filtered off and the filtrate adjusted to a pH of 3.5. At this pH an oil
separated from the aclutlon. The oil wus romoved from the aqueous layer and
dried. Yleld - 29 g+ Efforits to induce crystallization wers unsuoccesaful.
The malerial wasg ifled by passage through an ion-exchange resin (1R=120 K+)
(Method A~1 above) yeilding 17 g. of pale yollow viscous oile

Appay for Ant Cale'd., 33.18%; Found, 33.4%
Neutralization Equivalent: 97.3% of theory
Brominationt 97% of theory

. Soluble in water, acetons and alcchol.

7L/ Galok 250 hdwme, 3 A Ohem. Soce 44 805 (1922).
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6. Allyl o-Chlorophenyl Arpinic Acid

-o~Chlorophenyl oxsoni¢ acld was prepared by the method of Palmer
and Adame /1/ and o-chlorephenyldichiorcarsine was prepared by the method of
Quick and Adams /2/,

Ona hundred and tuonty grams of sodium hydroxide wos dissolved in
180 ge of water and this solution socled to 0°C, Thirty~three gramas (0.12)
of o~chlorophonyldichlerearsing was slowly added and the repuliing solutlon
heatad to 25°C. Allyl btromide (0.1tH) was thon added and the reaoction solu=
tion was heated to roflux {or six hours. Thia solution, sfter standing over-
night, separated into two layors, The orgnnic layer was romoved and dissolved
An H30. Tie pH of this nolutlon wag sdilustod to 3 with concentrated HCl. At
this pll an oll saparated {rom solution, Tho aquooun layar was decanted off and
tho resldue dissolved in acvtone. Ingoluble palip wore removed by Idiltration.
Romoval of the acotone yloldod 13 ge of amber colered liquid whioh hardened to
a waxy solid.

Apsay for Ast Cale'd., 2847583 Feund, 28.7% |

Noutralization Equivelents 97.5% of theory .

i

Solubls in alcohol amnd acetone. |
7¢  2-Mydroxybutyl Phonyl Areinie Acld

Phonyldichlorearsine {33.5 go) was addoed to 140 mle of 10N NaOH
at 25°C. Twenty-nine grams of butylene oxide {1, 2) was edded to this nolu-
tion, The reaction salution wus stirred at room tomperature fur six hours.
After atanding overnight, the reaction solutinn was heated at 55°C, for 30
minutes and enoled to 2com temperature., The product was obtained by acidifying
ths total reastion solution to pH 3 and concentrating this solution to a thick
pasty residue, The residue wus filtercd, thoroughly washed with acetone and air
driede The dried solid wap exiracted {Soxhlet) with absolute vthanol, Removal
of the alaohol ylelded & clear, colorlesa, viscous liquid. Crystallization
wag induced by addition of acelone. Yield - 22,5 g.

H.P, 141-143°C,
Assay for Ass Cale'd., 29.02%; Found, 49.5%
Neutralization Equivalents 99.,07% of theory

8oluble in water and alcohol. Inscluble in acetons,

8. 2-Hydroxybutyl o-Chlorophonyl Arginie Acid

o-Chlorophenyl araonic acid was propared by the method of Palmer and
Adems /1/ and o-chlorophenyl dichloronrsine was prepared by the method of Quick
and Adems /2/. The final produci, 2-hydroxybutyl c«chlorophenyl arsinie acid

71/ Palumer and Adams J. Ams Chom. Soce 44 1356 (1922).
/2/ Quick and Adams Jo Amne Ghoims Soce 4 805 (1922}
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wan synthepized as previsusly described in Example 7, for the 2= ydrexytutyl phenyl
arginic acid derlvative, It was irsolated by acidification of tha aqueous layer
which separated frau the rsaction solution while standing at room temperature.

Tho pli of the aqueous layer was adjusted tu 3 with concentrated HCl and this
solution was taken to dryness ualng a flagh evaporotor. 7The solid obtained waa
extracted (Joxhlet) with absolute ethanol for 24 hourae. The cooled alochol
extract waa filterod from a small amount of inorganic solids and the filtrate

was evaporated to a clear, colorless vincous oil. The solld was purified by
oryatallization from watore Yleld = 3 .

Sodium o~chlorophenylarsenite {2644 g.) and butylene oxide (22 g.)
MePe 150~1529Ca . .

Agsay for Amv Cale'd., 25.61%) Found, 26,08%

Neutralization Equivalenis 1O1% of theory

Soluble ln hol water or aleohol, lnsoluble in scctone.

9 Zolydroxybutyl m-Chlgrophanyl Arginig Acdd

w-Chlorophanylarsonlo acid was preperod by the method of Palmer and
Adums /1/ nnd m-chlorophonyldichlorcarsine wan propared by the method of Quick
and Adann /2/s The final produst 2-hydroxybutyl me-chlorophenyl areinioc acid
was pynthoplzed as doscribed above [for Z=hydroxylLutyl phonyl arsinie acid,
Bxample 7y It vap loolated by acidiftention of the organio layer whish separated
Lfrom the reaction solutlon while standing ut room tomporature. The pH of the
orgablc layor was adjusted to 3.2 with concontratod HCl. At this pH a large
anount of solid precipltated from solution, The solid wno romoved by filtra-
tion, washed tharoughly with water and acetcoue and air dried. Yield = 25.5 g«

godiug mohlorophenylarasnite (36.4 g.) and butylens oxide (22 g,)
{ole 1531570C,

Aasoy for Aat Cule'd., 25.61%; Found, 25.8%

Nautralization Equivalonts 103% of theory

Soluble in absolute or agusous ethanol, insoluble in water or acetone.

10, gZ-Hydroxypropyl Phenyl Arginic Acld

Thia compound was prepared by the method used to synthoeize ihe
- 2=hydroxybutyl phenyl arsinic acid derivative, Example 7. Propylene oxide
was used in place of butylene oxide. The product was isolated as followse
* The reacvtion solution was filtered from a small amount of precipltated molide,
. neutralized with concontrated HC1l and rafiltered. Thin filtrate was concentrated
to 1/2 volume, cooled to room temperature and tho procipitatad salts removed
by filtration, The clear filtrate was acidified to pH 3 with oconcentrated HGl.
At this pH, sollid and oil separated from solution. This mixture was flitered
and the filtrate concentrated Lo a pasty reaidue, The residue was filtered

717 P rdna_Ada.ma J+ Am. Cham, Soc. 44 1356 (1922),
/7’12/ quﬂ; ‘and Aw Je Am, Chem, Sog. ,gf‘ 805 (1922).
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uaing suction and the oily filtrate thus obtained wag dissclved in acetone. Fre-
.cipitation of aolid from thin acetone aclutlon cccurred ahortly. Thias solld
waa removed by Tiltration and air dried. Yield - 16 ge

Sodium phenylarsenite (23 g.) and propylens oxide (25.7g.)
MebPs 133-1359C, .

Appay for As: Calc'd., 30,7853 Found, 31476%
Neutralisatlon Equivalent: 95% of theory

Siightly soluble in water and aleohol, ihsoluble in acetons,

Tha following thres compounds woro prepared by the method described
above in Example .10,

Ale  2-liydroxypropyl-o=GChlerophny Arpindg Aci

- 8odium o~chlorophonylarsenite (26.4 ge) and propylene uxide (25.7 gs)
Yiold = 6 ge
MePe 150-154°C, ,
Aspoy for Ast Cale'd., 26.88% Found, 27.92%
Neutralisation Equivalent:i 99.4% of theory

Soluble in water and alcohol, insolubls iu acelone.

12  geoflydroxyprovyl-m-Chlorophanyl Arsinis Agld

Sodiun m-chlorophenylarsenite (26.4 ge) and propyleas oxide {25.7 ge)
Yield = 4.5 g .

HePe 1A6-149°C.

Assay for Ast Caole'd,, 26.88%; Found, 26.32%

Heutralization Bquivalents 95% of theory

Soluble in water and aleohol, insoluble in acutone,
13 2= : XYp ~pechlorephe Arginic Acid
- 8odium p-chlorophonylarsendte (26.4 g.) and propylens oxide (25.7 g.)
Yield - 18 g. -
H.Po 123*123"0. : )
Apsay for Asi Cnlc'd., 26,88%; Found, 26.4%
Neutralization Equivalent: 98% of theory
Soluble in absolute or aguecus ethanol, insoluble in acetones.
1be g=lpnd; i ~Chilorophenyl Arsinic Acid
p~Chlorophenyl arponic acid was propared by the method of Palmer

and Adams /3/ and p-ohlorophenyldichloroursine was prepared by the msthod of
Quick and Adams /2/. Tha final product, 2-hydroxybutyl p-chlorophenyl arainlo

737 Paimer and hdams J. Ams Chom. Socs 44 1356 (1922),
- /¥ Quick and Adams J. Am. Chem, Soce. 44 805 (1922),
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acld waa aynthesized and previcusly deseribed for the 2-hydroxybutyl phenyl areinioe
acid derivative, Example 7. It wan isolatsd from the reaction solution by &oldie
fiocation of the orgahio layer and the purification was carried cut aa desoribed

above for the purification of the 2-hydroxybutyl mechlorophenyl arsinic soid
derivative, Yield ~ '1’3\% -0} : . o ¢

Sodium p-ghilorophenylargenite (2644 g¢) and butylene oxide (22 g.)
M.P. 15'5“158000

Assay fior Ass Cale'd,, 25,61%; Pound 25.2%

Neutralization Equivalents 95% of theory

Soluble in absolute of aqueous ethanol, ingoluble in acetone or cold watere

15, Z-Hydroxybutyl. o-Hethoxyphenol Arsinic Acid
v '

o={ethoxyphenyl arsonic ecid was prapared by the method of Palmer and
Adaps /1/ and o-methoxyphenyldichloroarsine was prepared by the method of Quiok
and Adems /2/. The final product, 2~hydroxybutyl o-methoxyphenyl arsinic acld
wag prepared by the method described above for the 2~-hydroxybutylphenyl arsinic
aold derlivative Example 7 and it was loolated by the method deactibed for the
R=hydroxytutyl m-chlorvphenyl arwinic acid, Example 9. Yield = 5.0 g

Sodiws o~methoxyphonylarsenite (24.4 ge) and Wutylens oxids (81 ge)
M.Po 146"148060 ’ . ' .

dapay for ap1 Cala'd,, 26.0%; Found, 25.8%

Neutralizallon Equivalents 104% of theory

Soluble in absolute or aqueous alcohol, inaoluble in acetone or acold water,

16, 2-Hydroxybutyl~p-Mothoxyphonyl Arsinio Agid

The method for the preparation of the intermediates and the final
product, and the isoclation of the final product nre the same as thoma desaribed
above for the 2-hydroxybutyl-o-mothoxyphenyl arainlé aoid derivative, Example 15,

Sodium p-methoxyphenylarsenite (24.4 g.} and butylene oxide (22 g,)
Yield -« 4 g

MoPy 144-145°C, o

Appay for Asy Calotde, 26,0¥) FPound 27.4%

- Neutralization Equivalents 104X of theory

Soluble in absolute or aqueous ethanolj insoluble in acetone or cold water,

737 Pelmor and hdams J. Ams Chom, Sooe 44 1356 (1922),
/2/ Quick and Adams J. Am. Chom, Soo. 44 805 {1922),
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17« 2-Phonyl-2-hydroxyethyl Phanyl Arpinie A

The synthesis of the Iintermodintes and the final product are the same
a2 thoso previopusly desoribed, Styrens oxido wvas used in place of hutylene oxide,
At completion of -the reaction, 2 layors were proaent. The upper organic layer
oontained a large amotint of solid. Work-up of the liquids did not yleld produots
The solid was dissolved in wotor and the pH slowly adjusted to 3.0. As this pH
was appreached yrecipitation of solid occurred, The precipitate was isolated
by filtration, waahed well with acetone and air dried, Yield « 9.5 g

Sodium phenylarsenite (23 g.) and atyrone oxide (36 g.)
HePe 158-)61°C,

Aasay for Ast Cale'd., 23,23%; Found, 24.4%
Neutralizacion Bquivalent:s 102% of theory

. 3oluble in aqueous or absoluts ethanel, insoluble in acetone or cold water,
18, 2-Phanyl-2-Hydroxyethyl-m=-Chlorgphanyl Ara: A

The procedures for the synthesls and lsclation of this campound are
Eh& sams ap those described for the 2-phenyl-2-hydroxyesthyl phenyl arsinic aocld,
xaumple 17.

Sodium mechlorophenylarsenite (2644 ge) and styrens oxide (36 g.)
Iiﬂl‘ - 18 g'

M.P, 181-184°C,

Assay for Ass  Cale'd. 21,98%y Pound, 22.3%

Neutralization Equivalent: 95.3% of theory

" Soluble in aguecus or abaolute othanol, insoluble in acetons or cold water,

19, 2-Phenyl-2-hydroxyethyl=p-ghloropheny)l Arpinig Acld

The proocedure for the syntheals and isolation of this compound ors the
game an those deseribed for thu 2-phenyl-2~hydroxyethyl phenyl arainioe acid
derivative, Example 17,

Sodium p-chlorophenylargenite (26,4 g.) and atyrens oxide (36 g.)
Yield - 10 g.

MJP. 158-161¢C,

Apaay for Ast Cale'd,, 21,998} Found, 21.0%

Neutralization Kquivalent: 98% of theory

8oluble In abaclute or aquoous ethanel, lusoluble in acetone or cold water,

204 2-Phenyl-2-Hydroxyethyl o-Chlorophanyl Arainie Agid

This compound wanr propared and isolated by the procadure desaribed
above for 2-phenyl=2~hydroxyothylphenyl areinis aold derivative, Example 17,

+*
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ggdium ozchlorpphaﬁylaraenite (2644 go) aﬁd,ltyronl_oxida {36 go)
eld = Ee : R :
Neutralization Equivaelents 95% of theory
Argenic Assays Caelc'ds, 21499%; Found, 23.21%
) “oP_o 167-170"0. Cel

Soluble in absolute or aqueous ethanol, insoluble in acetone or cold water,

2le 2-Hydroxysthyl-o-Chlorophenyl Arsiniec Aoid

This compound was synthesized and isolated as deporibed for the 2=
hydroxyethyl-n~butyl arainie acid derivative, Example 3,

Sodium o~-chlorophenylarsenite (26,4 g¢) aud ethylene oxide (14 g.)
Yield ~ 6 Ge )

M.Pe 129~132°C,

Aseey for Aas Cale'd., 28,3243 Pound, 27,73%

Neutralization Equivalents 95% of theory

Soluble in absolute or aqueous ethanel, insoluble in acetons or cold water,
23 3 o d ~Chlorophanyl

p~Chlorophenyl arsonic acid was prepared by the method of Palmer and
Adanms /1/0 .

p-Chlorophenyldichloro arsine was prepared by the method of Quick and
Adams /2/,

p=Chlorophenyldichloroarsine (R6e44 g.) van added to 140 ml. of 10N
NaOH at 25°C, Seventy=four and four tenths grams of 1,2-epoxy=3=propoXyrropane
wag added to this sclution. The reaction solutlon waa stirred at room temperature
for six hourse. After standing overnight, the reactlon solution was heated at
5500, for 30 minutes and cooled to reom temporature, It was lsolated from the
raaction sclutlon by acidification of the organly layer whish separated while
atanding at room teuperature, Tho pM of the organioc layer was adjusted to 3.2
with conosntrated HCl, A{ thio pH a luarge amount of solld precipitated from
golution, The golid was rewoved by filtration, washod thoroughly with watexr
and acetone and air dried.

Yield ~ 4.5 g

H uP [ ] 103“1060 G - .

dspay for Apt Calo'd,, R2,25%} Found, 23,33%
Noutralization Equlvaelent: 10zY of theory

Soluble in absolute ar aqu&oua ethanel, inasoluble in acetone or pold water,

77 Paimer and Adama, J. Au, Chom. Socs &4, 1356 (1922),
/2/ Quick and Adams, J. Am, Chem, Soc. 44, 905 {1922),
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The following nine examples vere prepared using the above general prooedures.

23+ 3=Propoxy-2-hydroxypropyl o-Muthoxyphony), Arsinic Acgid

Sodlum o~methoxyphenylaraenite (24.4 g.) and 1,2-epoxy=3-propoxyw
propane (25.3 g.)

Yield « 6 g,

M Pe 119-121°C,

Agsay for Aws Cale'd,, 22.59%; Found, 21.80%

Neutralization Equivalents 1054 of theory

Soluble in absolutf nr agueous aloohol, insoluble in acetons or cold water,
A

24  3=A11lyloxy=3~hydroxypropyl o=-Chlorophenyl Arginic Aocld

Scdium o~chlorophenylaracnite (26.4 g.) and 1,2~epoxy=3-allyloxy=
propans (34 g.y

Yleld - 5,9 g

MsPe 124-126°C,

Agsay for Asi Cale'd., 22,38%s Found, 22.,03%

Neutralization Equivalents 103% of theory

Soluble in absclute or aqueous ethanol, insoluble in acstone or cold water,

25. J=Allyloxy-2-hydroxypropyl m-Chlorophanyl Arainig Acld

Sodium m-chlorophonylargenite (2644 g.) and 1,2«apoxy=3=allyloxy=
propane {34 g.g

Yield ~ 6 g.

M.P, 11511746,

Apsay for Ams Cale'd., 22.387%5 Found, 23.4%

Noutrallzation Equivalents 96,74 of theory

Joluble in absolute or aquecus ethancl, insoluble in sootone or oold water,

26. 3-Allyd 2=hydroxypropyl. p-Chlorophenyl Arginig Agid

Sodium pwchlorophunylarsonite (2644 g.) and 1,2-epoxy-3-allyloxy=
propane (34.3.5

Yield - L1 g,

MlP L] 114"1-1 ?ac 1 ]

Lgasuy for Ast Cale'd,, 22,38%; Found, 22.4%

Neutralization Equivalont:s 104% of theory

Soluble in absolute or vquecus ethanol, insoluble in zocetons or cold water,

27e 3=Allyl 2-hydroxypropyl o-Methoxyphenyl Arsiniec Acid

Sodium o-methoxyphenylarsenits {24.4 g.) and 1,2-epoxy-3-allyloxy=
propane {34 g.)

Yield - 6.5 e

Mo 118=-119%C,

Aggay for dar Cala'd., 22.7%; Found, 22,74

Neutralization Equivalent: 106{ of theory

Soluble in abaolute or aqusous alcchol, insoluble in acotone or cold water,
FOR OFFICIAL USE QULY '
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28,

Sodium p-methoxyphenylarsenite (24.4 g.) and ),2-epoxy=3~allyloxy-
propans {34 gel)e

Yield - 11 g.

M.,Ps 112-115°C,

Agpay for Ans Cele'd,, 22,7K; Found, 23.0%

Neutralisation Equivalents 103% of theory '

Soluble in absolute or aguecus alechol, ingoluble in acotons or aold water.

Sodium mechlorophonylarsenite {26.4 g.) and i,2«spoxy=3-propynyloxy-
propahe (33.6 g.)

Yinld = 6 He

MoFe L10-112°GC,

Asoay for Asy Calo'de, 22,528} Found, 22.36%

Neutralization Equivalentt 105% of theory

§oluble in absolute or aquoous aloohol, insoluble in acetone or cold water,
0. 3=i2=- 2w hydr ropy] o A

Sedlum p~chlorophenylarsenite (2644 g.) and 1,2-epoxy=3e=
propymyloxypropane (33,6 g.)

Yield « 10 g.

“.P. 131-133"0.

Agaay for Amt Cale'd., 22.52%; Found, 21.57%
Neutralisation Equivalents 104% of theory

Souble in absclute or aqueous alcohol, lnsoluble in acetons or cold vater,

~ Sodium o-methoxyphenylarsenite (Uedege) and 1,2-spoxy=3=
propynyloxypropane (33.6 ge)
Yi0ld - 4 g -
H.P, 1i8=119°Ca
Aspay for Ast Cale'd., 22.83%3 Found, 23.06%
Neutralization Equivalents 105K of theoxy

Soluble in absolute or aqueoun\ alcohol, inscluble in acetone or 6016 vater,

The following compominds, Nos, 32-39 were synthesined and isolated by
the method used to obtain 2—pheny1_-2~bydruxynthyl phenyl arsinic aoid, Example 17,

32. 3~ - o =Pha inle Ao
T Sodium phenylatsenite. (23 g.) and 1,2~epoxy=3-phenoxypropans {45 ge)

v Tield -~ 7 ge. '
L M.P. 151‘152‘0. ’ . :
Asgay for Aet Calc’d., 22.28%3 Found, 22.94%
. Neutralisation Bquivnlents 2102% of theory

Soluble in ihnoluh or tqﬁ'ﬁoua ethapol, insoluble in acetone or cold vaters
FOR CFFICIAL USE ONLY
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32 -phenoxy-2-hydroaypropyl noChloroph hengl Areinic Agid

. Sodium m-chlorophenylarsenite (2644 ga.) and 1,2-0pouy~3-phonox:~
propans (45 g.)
Yield ~ 13.5 g.
H.Po 151"153'6-
Aasay for Amx Calc'd., 20.21%) Foind, 20.09%
Neutralization Eguivalents 99X of theory °

'-ﬂoluhll in absoluts or aguogus ethancl, inamoluble in agetons or cold water.
344 3-Phenoxy=2-hydr othoxyphonyl Arginie A '

Jodium~o-mnthoxyphenylavsondte (24.4 3.) and 1,2-096&7-3-

phenoxypropans (45 g.)

Yield ~ 18 |

H.P. 149-152°0.

Assny for Ams  Cale'd., 20,463 Found, 20,31%

. Neutralization Equivaleant: 10§$ of thoory

Joluble in absolute or aqueous ethaneol, inscluble in acetone or cold water.

35.

Sodium m-chlorophenylarsenite (26.& g.; and 1,2~spoxy=3=
(2,4~dichlorephanoxy)propane (65.7 g

Tield = 4 ge

MePs 176=179°C,

Assay for Ass Cale'd., 17.05% Found, 17.46%

Noutralization Equivalents 97.6% of theory

Soluble in abeclute or aquaous ethanolj insocluble in acetone or oold water,

3={2,4-Pichlorophonoxy}-2-hydroxyprop hlorophe”

Sodium p-chlorophenylarsenite (26.4 g.) and 1,2«spxoy=3-
(2,4=dichlorophenoxy)propans (65.7 ge)-

Yield ~ 17 g.

anc 132"134°G.

Agsay for Ass Cale'd., 17.05;1; Found, 16,6%

Neutralization Equivelents 105% of theory

Scluble in absoluts or aguecus ethanoly ingoluble in acetone or oold water.
3% 2-{2.4=Dichlorqphe =2eh r {eth onyl Ar Aot

Sodium c~mothoxyphonyl arsenic acid (24.4 g«) and 1,2«spoxy=3~
(2,4~dichlorophenoxy Jpropane (65.7 g.) :
Yield - 7 g
H.Pe 199-203°C..
" Amsay for Ass -Galc'd., 7.22%) Pound, 16.96%
Nautralilatiou Equivalent 104K of theory

Bolubln in absolute or aqusous ethanol} insoluble in &setone or eold waters
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3a. j-gg.g%ﬂgghlgrgghanggx!—z-gxgrggxgrggzggbagxi Arsiniq Acid

Sodium phenylarsonite {23 Z') and 1,2-epoxy=3«{2,4=
di chlorophenoxy Jpropane {65.7 ge)

Yield ~ 27 gi -

H.P. 152“1_55"00

;‘aﬂﬂy rﬂr Ans. Gﬂlc.du’ 18.?‘[!1] Fo“nd’ lasm

Neutralisation Equivalents 95.4% of theory

Boluble in absolute or aquecus ethanolj inasoluble in scetone or cold water.

39+ 2=(2,4-Diohlorophnnoxy)-2-hydroxypropyl o-Chlorophenyl Arsinlo Agld

Bodium o-Chlorophenylarsenite (26.4 g.; and 1,2~apoxy=3=
(2,4~dichlorophonoxy)propans {65,7 ge

Yield = 11 g.

Mls 158’161‘0.

Assay for Ans Calstd, 17.05%s Found, 17.86%

Neutralisation Equivalants 105%

8oluble in aquecus or abuvolute ethanolj insoluble in acetons or cold waters
40+ EShyl p-Nitr A Agld

This ocmpound was prepared by the use of & modified Dart reaction as
desoribed by Dosk /1/. -

Oue hundred and twelve grams {(0.81M) of penitroaniline was placed in
2 L absolute aloohol with 85 g. H,30, and 194 g. (1.384) ethyl diohloroarsine.
The solution was cooled to 0°C. and 3inzotized with 57.3 g. {h.&}M) NaNO, in
120 ml. Hy0 to an end-point with atarch-iecdide paper. (nes gram of cuprous
-bromide was sdded and the mixture thoroughly stirred and heated to 60°C, until
no more Ny was evolved, The mixture wap cooled to roum tomperature and filtered.
The {fltrate was concentrated and the concentrats dlsasolved in a minimum amount
of ByOs This was passed through an ion-oxchangs resin (1R«120 H*), Conpentration
of the viaricus &quacus fractiona collected upon elution first with water and
then with dilute aqueous ammorda ylelded 41 ge of y9llow molids The fifth frace
-*%lon eluted with vater weighed 6 g alter drying, The solid had the following
properties snd analysiss - _ '
No, 5. M.P, 161"165"(;.
Aagay for Ast Clac'd., 31.06%; Found, 31.0%
Neutralisation Bquivalent: 101X of theory

S8oluble in aloohol, slightly soluble in acetons and water,

737 Boak, G, Gs J. kn, Choms Soce £2 167 (1940).

L e,
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. 2-H lohe Phonyl inie Aci

This compound was prepared and isolated by the procedure described
above for 2-phenyl-2-hydroxyothyl phonyl arsinic acid, Exampiw 17. The solld
obtained at pH 3.0 oontained suame inorganic ealts and a small amount of oils,
probubly glycol., These were remcved by placing the polid in water, beating to
approximately 50°G. and fiitering while hot. The solids collécted in the Lilter
funnel were washed well with warm acetone and air dried.

Yield = 13 g. .
Neutralizatlon Equivalents 1018 of theo .
Arasnlc Asaayt Calo'd., 26.11%; Pound, 26.58%
M..P. ' 202~20’?°C . .

Boluble in absoluts or aguecua ethanol, ingoluble in acetone.
A2 2=} 0 ~Chlorophs Arpinio Ao

This compound waa prepared by the proocdure described above for
2=phenyl=2=hydroxyathyl phenyl arsinic mcid, Exnmple 17. The product was
isolated from a lower organia layor. Thie layer vas neparated from the reaction
mixture and dissolved in about 100 ml, wotor. Thia solution was asidified
with concentrated HCl to pll 3.0. The precipitatod aolide were colleated by
filtration and treated with wator and acetone ag describsd above for the 2=

hydroxyoyolohexyl phenyl arsinic acld, Example 40.

Tield « 22 g. .

Neutralisation Equivalents lg;? of theory
Argenic Apsay: Calo'd., 23.28%; Found, 23.81%.
H.Pl 20&'206“00 .

Soluble in absolute or aqueous ethanol, inacluble in acetone and cold watere

43s  g-Rydroxyoyciohexyl p~Chlorgphenyl Arginio Acid

o This compound was prepared and isolated by the procedure desoribed
above, Example 4l. N
Yield ~ 7 g.
M.P. 224=227°C.

Arsenic Asoays Cale'd., 23.51%; Found, 24.37%
Neutraiization Equivalentt 105K of theory

Soluble in absolute or aquoous ethonol, insoluble in acetone and cold water,

44e Bihylenebis Propyl Arsinic Acld) (CH,CH,CH;-As=CHy=CHy~Re~CHyCHaCHy)
TR e deiatels " -

The following procedurs was used in an.affort to praopare 2-nhiorcothyl _
propyl arsinlo acid, However, the ethylenebls acld waa the product Ipulateds . . -
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Thirty-five grams (0.184) propyl dichloroarsine were added to a solution
of 44 ge NaOHl in 60 mls H 0 at 25°C. Twoniy-slx and one-half grams (0.284) of
ethylenschlorobromide were added and tho sclution rofluxed for 15 hour~s. The
solution waas then cooled to roca tomperasture and neutralised with ecnoentrated
HCl, Preocipitated sslts veres reomoved by filtration. The Iiltrate was conosn=
trated to 1/2 volwns and salts again removed by filtration. This filtrate vas
aoldified to pH ) with concentratod HC1 and the precipitating selids obtained by
filtration. Conoentration of the filtrate ylelded an additional:orop of solidss
The last tvo solids vere combined and procipitated from alkalinéisolution by
sddition of HCle Titration of a sample showed a neutralization §quivelent of
102% of theory {as the dlarsinic acid),

H.P« 205-209°C,
Arsenio Assays Calo'de, 45.5%) Pound, 47.2% {dﬁi'unio um)

8lightly soluble in wator and aloohol, inscluble in aostone,

-

| wuppary of Jept Methods
Teats © Vertlcally direoted spray onto potted seedlings

Spray Solutions Teat compound dissolved in Acetons containing 0.5%
Twesn 20 (unises otheruwiss noted),

8pray Volume:s 12 ml, direoted evenly over 3 square r-ut of area.
Spray Cabinett  Plexiglase, having bottom ares of 3 #qe f4e

Spray Ratess : Applications equivalent to 0.1 and 1 pound per aare,
Replications Bach rate is applied %o 12 pots simultanecusly (2 pote

of each species). Obsorvations are then made from 2 plants
of each troadleaf specles and 20 plants of each cereal

species.

~ Speoless | Rroagloavog® Seroalsh
Black Valentine Pean Clinton Oats
Heavenly Blue Morning-glory Rice, PoT. 8970

Scarlet Globe Radish
Lincoln Soybean

"~ #Jelacted 2 planta per pot 7 days after planting
#¢gslected 10 plants per pot 7 days after planting

Lgo nt quamnts . 7 days I‘rcn planting

Obaomtiuni ; o 1 to 2 days} 5 days} 10-4 days after trontmnt tor
visual effect as indicated
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Scorings Rating 1 ~ lio dlacernable horbloidal activity or very elight
effact - ayptoms if any are minor, and are probably
confounded with envirvormental sffscta. Plants
appear norasle

Rating 2 - 8light but not marked herbioldal effeqgt ~
symplams are detecied although thelir degree
of aovority is only slightj plantp are dife
Terent fxom the ocontrols for oné or more reasons.

Rating 3 = Moderate or considerable injury to plant tissues
differs from (2) in degree of herbicldal
activity, Subsaquent crop growth would probably
bo adversely affected through reduced wvegestative
growth and/or sulnormel yleld,

Rating 4 = Adctivity oharactoriszed by killing or severs
necrosis or othor effacts which might lead to
death befors maturity,

Sumation of Soorings The maximum rating for ono spociss at 1 rate over all
ohserved effaots is 4. Thla rating 1s made for s soore
of 4 in pithor "Killing™ or *Stunting®s Combinations
of other factors may lead to a rating of L, This ie an
oboerver judgement rating. The highest rating for one
rate of application is 24 (total of 4 for esch of six
species rated.) Couversely, a rating of 6 indicates no
vialble affect.

Significances Those compounds which receive a rating of 18=24 are

' = oonsidered highly active, those receiving a 12«17
rating are moderately active and those receiving
1011 are slightly sctive. Any rating below 10 ia
conplderaed non=effeotive. Cobpounds with sn overall
rating of 16 or above are reccmmended for furtber

ey

g
Approved by

K, B, Chiddix | E. 0. Leonard - st
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