
PERFLUOROALKYL ARSENICALS 
PART -111. THE PREPARATION AND PROPERTIES OF SOME NEW 

TRIFLUOROMETHYL AND HEPTAFLUOROPROPYL ARSINESl 

ABSTRACT 

The reaction of heptafluoroiodopropane with the appropriate phenyl-iodo-arsine in the 
presence of mercury yields the compounds C ~ F ~ A S ( C ~ H ~ ) ~ ,  (C~I;~)?ASCSM~, and C3Fi(CH3)As- 
CsE16. However, the conipounds (CF3)zAsR (R = CzH5, C4H9) are obtained from the reaction 
of the compo~~nds R2AsI with mercury and trifluoroiodornethane. The ~~ltraviolet spectra 
of the heptafluoropropyl-arsi~~es are discussed. 

DISCUSSION AND RESULTS 

In previous papers (1, 2) the preparation of methyl- and phenyl-trifluoromethyl-arsines 
was described, the method of preparation being to react the appropriate iodo-arsine 
with trifluoroiodometha~~e in the presence of excess mercury: for example 

(CtH6)zAsI + I-Ig + CF3 I -t (CtHs)zAsCFa + HgI?. 

Alkyl iodides react similarly, though in this case the reaction goes further and arsoniuin 
derivatives of triiodomercury(I1) are obtained (3): for example 

In order to  investigate the generality of these reactions, the preparation of ethyl- and 
butyl-trifluoromethyl-arsines and phenyl-heptafluoropropyl-arsines was undertalien. 

Diethyltrifluoroinethylarsine, b.p. 111°, is obtained by the reaction of diethyliodo- 
arsine with trifluoroiodomethane in the presence of mercury; however, the bull< of the pro- 
duct from this reaction is etl~ylbistrifluoro~nethylarsine, b.p. 77". Ethyldiiodoarsine does 
not react with trifluoroiodomethane under the same conditions, so this substance as an 
impurity could not have been the source of the ethylbistrifluoromethq-larsine. Similarly, 
when di-n-butyliodoarsine is reacted with trifluoroiodometl~a~~e and mercury, the o~lly 
product isolated is n-butylbistrifluol-omethylarsi~~e, b.p. 118", though in this case the 
same co~npound is produced by the corresponding reaction using 12-butyldiiodoarsine. 
A reasonable explanation of these anomalous results is tha t  an exchange reaction talies 
place between the initially formed dialkyltrifluoro~netl~ylarsine and trifluoroiodomethane, 
producing the alliylbistrifluoro~methylarsine; reactions of this sort are now being studied. 
The reactions of l~eptafluoroiodopropane with phenyl-iodo-arsines in the presence of 
mercury are not co~nplicated by side reactions, and heptafluoropropyldiphenylarsine 
(b.p. 99-102" mm)),  bisheptafluoropropylphenylarsine (b.p. 128" (68 mm)), and 
heptafluoropi-opyl~~~ethylpl~ei~ylarsi~e (b.p. 12.7" (69 mm)) can be easily isolated. 

All the new arsines are colorless mobile liquids of faint odor; they are stable to oxygen 
and moisture a t  ordinary temperatures. Solvolysis studies have been made on these 
compounds and the results will be reported later. The ultraviolet spectra of the hepta- 
fluoropropyl-phenyl-arsines are very similar to  those of the trifluoromethyl-phe~~yl- 
arsines (4). The wavelengths and extinction coefficients of maximu~n absorption of these 
compounds are give11 in Table I. 

1iMnnz~scriPt received J zdy  10, 1961. 
Cotztribzttion f rom tlte CIzentislry Departiizetzt, Utzizlersity of Br i t i sh  Colz~ntbia, Va'ancouver, U.C. 
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TABLE I 
\\lavelengths a n d  molar extinction coefficients of the band maxima 

Methanol 
-- Cyclohexane, Methanol, 

C o ~ ~ l p o u n d  Amas ( A )  e,,,,X A,!,, 11  C o n l p o ~ : ~ ~ d  Amax  (a) 

NOTE: i = estimated f r o ~ r ~  point of inflection. 
"Banrl is actually very weak: the recorded intensity is mainly dne to contributions from the very strong short-wavelength 

absorption and  from the otl~er bands recorded above. 

I 
All the compounds show a weal; series of bands in the region 2520-2730 A, and by 

I analogy with the interpretation of the spectra of the phenyl-trifluoroinethyl-arsines (4) 
these transitioils can be characterized as n-n' absorptions involving electroris localized 

I in the phenyl groups. The remaining bands in the spectra in the region 2100-2500 A are 
much stronger. The bands in the heptafluoi-opropyl compounds correspond in position 
number and intensity with those of the trifluoroil~ethyl compounds except for the weal; 
bancl a t  ca. 2275 in tlie spectrunl of heptafluoroprop> Imethylplieng larsine. The transi- 
tions in this region of the ti-ifluol-omethyl compounds have been described as involving 
electi-on transfer from tlie 11011-bonding electrons on the arsenic to the n orbitals of tlie 
phenyl groups (4), and again this description of tlie transitions can probably be carried 
over to the con-esponding bands of the heptafluoropi-opyl compounds, even though 
these bands do not shift toward the b l ~ ~ e  or only shift a little when the solvent is changed 
from cycloliexa~~e to the more-polar methanol. 

r > I he occurrence of two higher-i~ltensity bands in the spectrum of diplie~~yltrifluoro- 
metl~ylarsii~e has been interpreted in terms of the steric effect of the CFB group being 
such as to destroy the equivalence of the two p1ien:-l groups with respect to the arsenic 
lone pair. The intensit) of the transition to the interacting phen~.l group (the lower-energy 
transition since interaction would stabilize the plienyl group with a resulting lowering 
of orbital energies) was much higher than the intensity of tlie transition to the 11011- 
i~lteracting ring. ~ ~ I o d e l s  such as were used previouslj (4) show that the more bul l~y  
C3F7 gi-o~ip has the same effect in tlie compouncl I1eptafl~1oroprop~-ldip11ei~yl:~i-~ii1e, so 
the appearance of two bands in the spectrum of this compound, the one of lower energy 
being tlie more intense, is not unespectecl. AIodels also indicate that the phenyl group 
could intei-act with the CJ7 group in tlie compound heptafluoroprop~~lii~et1~y1~~1~e11yI- 
arsine and almost certainly interacts in the compound bisheptafluoropi-opyIpheiiylarsine. 
IIowevei-, such interaction alone can not account for the PI-esence of two bands in the 
spectru~n of the former compound. 'The charge trailsfel- bancl in triphenylarsine occurs 
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a t  ca. 40,300 cm-I (I) so the effect of substituting a C3F7 group for a plienyl group is to 
increase the transition energy by ca. 4500 cm-I (using the energy of low-intensity tran- 
sition to the lion-interacting phenyl group of the compound heptafluoi-opropyldiphenyl- 
arsine). 'The charge transfer band in metl~yldipl~eiiylarsiiie occurs a t  ca. 41,600 cm-1 
and the effect of substit~iting a C31T7 group for a phenyl group is to increase tlie energy 
of the transitioil by ca. 4300 cm-I if the 2175 band in heptafluoropi-opylmethylplienyl- 
arsine is chosen as the charge transfer band, or by ca. 2400 cni--I if tlie "475 -4 band is 
the charge transfer band. Tlius it is lilcely that  it is the 2170 L4 band \vliich is the charge 
trailsfer band. The  second tralisition a t  ca. 2270 is very weak. This could arise from a 
shift or split of the benzene ti-ansition which normally occurs a t  ca. 2000 A, but  its 
intel~sity seems to be too low. :I niore likely esl~lanat io~i  is tliat it is due to an impui-it~-. 

The  charge transfer baiicls i l l  the c31;7 co i i~po~ i~ ld s  O C C L I ~  a t  higher or eq~ial  energies 
when compared witli tlie con-esponcling bands in the CF3 co~npounds; a result which could 
indicate tliat in the first orcler the CnF7 gi-o~lp has a greater electi-on-\\rithdrawing effect 
011 the arsenic lone pair tliaii cloes the CF3 group. 

The  infrarecl spectra of these new arsines are recorclecl in tlie experimental section. I t  is 
hopecl to cliscuss tliese i l l  cletail a t  a later elate when more correlatioils call be made. 

A p p a r a t u s  and  Techniq l~e  
Conventional \~acuum tecl~niq~ies \\.ere used for tlie ninriipulation of volatile reactants 

anel pi-ocl~~cts out ol contact with moisture ancl oxygen. Reactions were carried out  in 
sealecl I'yres tubes in the abseiice of air aiicl light. Infrarecl spectra were measurecl 011 a 
I'erkiii-Elnier R'Ioclel 21 clouble-beam illstrument witli rock-salt optics. Ultraviolet 
spectra were recorclecl on the ('ar!- 3Ioclel 14 spectrophotometer. The  solvel~ts were 
spectroscopic grade metlij,l alcohol 01- el-clol~esane, and the lo~ver wavelength l in~i t  oi  
tlie instrument was ca. 2100 A% as cletel-ii~i~led by solverit absorption. Gas-phase molec~tIar 
weights were determined by Regnault's method. I'lienyl-iodo-arsim were preparecl b>. 
tlie metllods previously describecl (2). 

Reaction o j  Ethyldiiodoarsine with 7'riJl~toroiodo?nctha?ze in. the Preseme 01 ;lJercl~ry 
Etl~~~ldiiocloarsine was preparecl from clichloi-oetliylarsi~ie (0) by reacting the chloro- 

arsine with sodium iodide in acetone ((i). The  product hacl a boiling point of 126" (11 111111) 

(lit. val~ie,  126" (1 1 111111) (6)).  The  iodo-arsine (18.2 g) ,  trifluoroiodoil~ethane (57.9 g),  
and Illercury (220 g) were shalien a t  20' for 11 days. Trap-to-trap distillation of the vola- 
tile contents of the tube sliowecl that  only one fraction, trifluoroiodoll~ethane (57.6 g) ,  
was present. 

Reaction of Diethylzodoar~inc wi th  TriJl~~oroiodo?netIza~ze in  the Presence o j  iIIercury 
Diethyliodoarsille 1x1s preparecl from ethyldiiodoarsine as tlescl-ibed by Wigren (7). 

The  diiodoarsine in this case was preparecl by tlie procedure used by Burrows and 
Turner for the preparation of diiodometl~ylarsiile (8). Crude diethyliodoarsine (33 g ) ,  
trifluoroiodomethane (7G g) ,  and mercury (230 g) were shaken a t  20" for 6 days. The 
~111reacted trill~~oroiodoiiiethane was separated from the other volatile corltents of the 
tube by trap-to-trap clistillation. The  less-volatile fraction (14.3 g) was distilled in a 
nitrogen atmosphere a t  '760 nun. The  bulk of tlie ~llaterial boiled a t  77O, but  a further 
sillall fraction boiling a t  111" was obtained. Vapor-phase chi-omatogi-aphy was used to 
obtain samples of these two fractions for  anal^ sis. 'I'l~e fraction boiling a t  '77" was identi- 
fied as ethylbistr~fl~~oronzetlzylars~ze. Anal. 114 drolysis with 10% aqueous sodium h )  droxide 
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a t  100" for 2 days gave fluoroforin corresponding to a CF3 content of 5G.2y0. The vapor 
phase molecular weight mas 241. Calc. for C41-ISA~I;G: CF3, 57%; 11101. wt., 242. The frac- 
tion boiling a t  1.11" was identified as d~ietlxyltr~fl~~.oro~nzetIzyI~~.r~ine. Anal. Calc. for 
CJ-IloXsF3: C,  29.7; I-I, 5.0; As, 37.1; F, 28.2%; 11101. mt., 202. Found: C ,  29.9; I-I, 5.1; 
As, 37.3; F, 27.970; mol. wt., 230. The infrared spectra of these compouncls sllo\ved the 
following absorption bands: (CsI-15) 2AsCF3 (liquid film) : 2980 (s), 2940 (s), 2885 (m), 
2350 (w), 2200 (w), 1466 (s), 1425 (w), 1382 (m),  1243 (111) (sh), 1223 (m), 11 38 (vs), 
1093 (vs), 1038 (m) ,  1025 (m),  978 (m), 730 (m) ,  721 (s) ; CrI-ISAs(CFa)~ (vapor phase) : 
2980 (s) , 2940 (111) , 288s (111) , 2250 (m) , 2220 ( ~ v )  , 1854 (w) , 1469 (in) , 1427 (w) , 1394 (w) , 
1245 (s), 11.7(; (vs), 1157 (vs), 1124 (vs), 1 105 (vs), 105(i (m) ,  1032 (m),  994 (m),  729 (s). 

Reaction of ~x-I3z~tyldiiotioars%?2e with 2'vifl~ioro~iodomethane *in tl~e P~esence of dferctiry 
The diiodo-arsine was preparecl by recluctio~l of 7%-butylarsonic acid using the procedure 

described by Uurro~vs and Turner for the preparation of diiodo~lletl~g~larsine (9). The 
crude arsine (21 g) ,  tr if luoroioclon~etl~a~~e (55.1 g) ,  and mercury (21 0 g) were shaken a t  
20" for 26 days. 'Trap-to-trap distillation of the volatile contents of the tube gave un- 
reacted trifluoroiodometl~ane (40.3 g) and a colorless less-volatile fraction (10.4 g). 
The latter fraction was distilled in a nitrogen atmosphere a t  760 mm:  a11 distilled in the 
range 110-118". A illiddle cut was taken, and this sainple was again distilled. The boiling 
point was l lSO, and the sample was identified as  72-bzitylbistrz~ziorometlzylarsilze. Anal. 
Calc. for C6I-IgAsFg: C, 2G.7; 1-1, 3.34; As, 27.8; I;. 42.2%; 11101. wt., 270. Found: C, 27.0; 
H ,  3.48; As, 27.0; F, 42.5y0; 11101. wt., 290. The infrared spectrum showed the follo~ving 
absorption bands (liquid film) : 2958 (s),  2925 (s), 2808 (m), 2210 (w), 1470 (m) ,  1422 (m), 
13% (m),  1347 (w), 1298 (IV), 1265 (m), 1204 (s), 1168 (vs), 1132 (vs), 1115 (vs), 1093 
(vs), 99G (mv), 9G7 (vw), 892 (m) ,  774 (w),  730 (s), 715 (111) (sh) ; vapor phase (omitting 
medium and weak bands) : 2970 (s), 2935 (s), 1206 (s) (sli), 1179 (vs), 11% (vs), 1120 (vs), 
1107 (vs), (1081, 107G, lOG9) (vs), (750, 744, 731) (s). 

Reactiofx of Di-n-b.~ityliodoarsi?2e with Trz~uoroiodomet1~ane ,in the Presence of Il4erctiry 
Crude n-butyldiiodoarsine, prepared as described above, was used to prepare di-n- 

butyliodoarsiile using the method described by Wigren for the preparation of dietli>.liodo- 
arsine from ethyldiiodoarsine (7). The crude product was dried over calcium chloride 
ailcl then c1istillccl a t  10-"mill. The main fraction boiled a t  78--82", and analysis showed 
it to be mainll- cli-n-butyliodoarsine. Anal. Calc. foi- CsIHl~AsI: C,  30.4; I-I, 5.7; I ,  10.2%; 
mol. wt., 31.6. Fo~u~c l :  C, 27.9; 1-1, 5.3; I. 42.:3y0; mol. wt.,  285. The impure iodo-arsine 
(10.6 g),  trifluoroiodometl~ane (G.5.2 g) ,  and nlercury (21.0 g) were shalten at  20" for 20 
days. 'The unreactecl tl-ifluoroiodometl~aile was separated from a less-volatile fraction 
by trap-to-trap distillation. The less-volatile fractioll (13 g) was distilled a t  92 mm ill 

a nitrogen atmosp1~e1-e, ancl all boiled a t  59". I ts  infrared spectrum was iclentical with 
that of n-butylbistrifluoro~i~etl~~~larsiile. The fractio~l, when distilled a t  7GO mlu (in 
nitrogen), boiled a t  110-120". 

Reactiofl oJ Iododiphenylarsi7ze with Heptafliioroiodop~opa~2e ,in the Prese7zce of ~lfercury 
The arsine (12.6 g),  heptafluoroiodopropai~e (82.5 g) ,  and mercury (210 g) were shal<en 

a t  20" for 3 months. Trap-to-trap distillation isolated only heptafluoroiodopropa~le 
(71.8 g). 'The contents of the reaction tube were extracted with benzene, which was then 
removed by distillati011 a t  7G0 mm in a nitrogen atmosphere, leaving a slightly colored 
involatile liquid (10.G g). This fraction was tlistilled a t  m m ,  and all the material 
boiled in the range 99-102". The liquid was redistilled under the same conditions, and a 
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colorless middle fraction of b.p. 102" was collected, which was identified as  he$ta$?~oro- 
propyldiplzenylarsine (73y0 yield). Anal. Calc. for CISI-I10AsF7: C,  45.2; 14, 2.51 ; As, 
18.8; F ,  33.470; ~nol .  wt., 398. Found: C, 45.2; FI, 2.48; As, 19.0; F ,  33.2%; 11101. wt., 
387. The infrared spectruin showed the followi~lg absorptioil bands (liquid film): 3060 
(m), 1976 (vw), 1955 (vw), 1895 (vw), 1877 (vw), 1806 (vw), 1755 (vw), 1650 (vw), 
1580 (w), 1485 (m), 1440 (s), 1383 (vw), 1338 (s), 1265 (s), 1227 (vs), 1208 (vs), 1181 (vs), 
1174 (vs), 1110 (vs), 1081 (s), 1074 (s), 1034 (s), 1024 (in), 1000 ( ~ n ) ,  988 (vw), 968 (vw), 
912 (vw), 895 (ill), 824 (s), '750 (s), 738 (vs), 732 (vs), 691 (s), 668 (s). 

Reactiojz of Diiodophenylarsine with Hepta$z~oroiodopropane in the Presence of illercury 
The arsine (22 g),  11eptaAuoroiodopropane (71.8 g),  and mercury were shalien a t  20' 

for 2 nlonths. The contellts of the tube were worlced up as described in the preceding 
experiment to give heptafluoroiodopropa~le (59.8 g) and a slightly colored involatile 
liquid (5.1 g) which boiled in the range 120-1314' (63 111111, nitrogen atmosphere). This 
fraction was redistilled to give a colorless sample of bislie~ta$uoropropylphenylarsi~ze, 
b.p. 128' (68 mm) (19% yield). Anal. Calc. for C12EISA~F11: C, 29.4; I-I, 1.02; As, 15.2; 
F, 54.2%, 11101. wt., 490. Found: C,  29.7; 14, 1.09; As, 15.6; F, 53.6%; 11101. wt., 460. 
The infrared spectrum showed the followi~lg absorption bands (liquid film) : 3060 (\v), 
1890 (vw), 1830 (vw), 1809 (vw), 1756 (vw), 1655 (vw), 1580 (vm), 1485 (in), 1141 (m), 
1336 (s), 1274 (s), 1230 (vs), 1210 (vs), 1185 (vs), 1129 (vs), I l l 7  (vs), 1078 (s),9040 (s), 

I 1025 (m), 1000 (m), 970 (vw), 933 (vw), 917 (vw), 893 (in), 820 (s), 750 (s), 740 (vs), 
733 (vs), 694 (s), 669 (s). 

I 

Reaction of Iodomethylp7zenylarsil2e with Hepta$uoroiodopropa~ze in the Presence of ilIercury 
The arsine (12 g),  heptafluoroiodopropane (70 g),  and mercury (215 g )  were shalcell 

a t  20" for 1 month. Trap-to-trap distillatioil gave heptafluoroiodopropaile (52 g) and a 
colorless involatile liquid (6.8 g). The latter fraction, when distilled in a ilitrogeil atmos- 
phere, boiled a t  123' (69 mm); it was identified as 7zepta$~~oropropylmet72ylphenylarsine 
(49y0 yield). Anal. Calc. for C101-I~XsF7: C, 33.7; I-I, 2.38; As, 22.3; F, 39.6(ro; mol. wt., 
336. Found: C, 35.6; FI, 2.47; As, 22.1; F,  39.570; 11101. wt., 322. The infrared spectruill 
showed the follolviilg absorption bands (liquid film): 3060 (w), 2993 (w), 2900 (w), 
2400 (vw), 2300 (vw), 2130 (vw), 1980 (vw), 1952 (vw), 1895 (vw), 1875 (vw), 1802 (vw), 
1755 (vw), 1645 (vcv), 1580 (w), 1483 (in), 1438 (in), 1418 (in), 1338 (s), 1306 (in), 
1268 (s), 1224 (vs), 1206 (vs), 1171 (s), 1110 (s), 1080 (s), 1035 (s), 1000 (in), 900 (in), 
854 (s), 822 (s), 749 (s), 740 (s), 733 (s), 694 (s), 668 (s). 
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