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ABSTRACT 

.Arsenobenzcne reacts \\it11 CFnI t o  give CGFIj.4s(CF3)?, CcI- Ia~l~(CFa)I ,  and CGIIQASI?. 
CGHjAs(CI;3)I and AgCl ~ie lc l  CcH:,r\s(C1:3)CI. The  compounds Cl:? = C F S  react with 
(CI-13)2As-As(CH3)2 under mild conditio~ls to  give 1:l adducts (CI-I~)?.~\s-CI;~CI;i\;- 
As(CH3)? ( S  = CF3, Br). Some (CH3),As-CF-CI:? is produccd when S = Br and is the  
major product \\hen >: = I. \Vhen S = I; a 1:;I adduct (CI-~~)?AS-(CF?CF?).I-AS(CH~)~ 
is probably formed on ~~ltra\; iolet  irradiation. (CH3)?As-As(CHn)? reacts with CF3C--CCI7:, 

1- 

t o  give cis and lrnns (CH~)?ASC(CF~)=C(CI~~)--~S(CI-I& ;LIICI with CI:=CFCF?CI;? to  give 
I 

(CE13)r:lsI: and  (CH~)~AS-CF=CFCI;~CI:~. 

DISCUSSIOS A S D  RESULTS 

Conlpounds containing meal; bonds such as As-As (I) ,  P-P (1, 2, 3), and Sn-Sn (4, 5) 
are readily cleaved when treated with pcrfl~~oroalli)rl iodides, for example, 

We have now found that the As-As bmds  in arsenobenzene, better na~ned hexaphcnyl- 
cyclol~exaarsine (6), undergo a similar reaction when heated with an excess of trifluoro- 
iodomethane a t  l l s O ,  or a t  lower teinperatures when the reactants are exposed to 
ultraviolet radiation. The products are pl~enylbis(trifluorometl~yl)arsii~e, iodophenyltri- 
f l~~oromet l~~~lars ine ,  and diiodophenylarsine. 

Similar products have been isolated from the thermal and pl~otocl~emical reaction of 
tetraphenylcyclotetrapl~ospl~ine with trifl~~oroioclometl~ai~e (2). In an attempt to extencl 
this type of reaction to the preparation of more complex aryltrifluoro~netl~ylarsines, 
p-nitroarsenobenzeile was heated to 100' with trifl~~oroiodoinethane. After a few hours 
the reaction tube exploded. This result mas reproducible. 

Iodopl~en~~ltrifl~1oro1~~et11yl:~rsine, a new compouncl, b.p. 13G-13'7° (25 IIIIII), 158' 
(65 inm), reacts with silver chloride to give the more volatile chloroarsine, b.p. 118" 
(G5 mm). The iodoarsine does not react with methyl iodide in the presence of mercury to 
give the expected i~~e thy lp l~e~~yl t r i f luoron~e t l~y la rs ine  ('7). I-Iowever, coupling of the 
iodoarsine appears to take place to give a white solid diarsine which decomposes in air 
to benzenearsonic acid. 

Cl~loropl~en~~ltrifl~~oromethylarsine reacts with bis(trifluoroinethy1)arsine a t  100' to give 
hydrogen chloride, tris(trifluoron1et11~7l)arsine, tetral;is(trifl~~oromethyl)diarsine, and pos- 
sibly cl~lorobis(trifl~~oron~ethyl)arsine. A white solid is also produced which deco~nposes 
to benzenearsonic acid on exposure to air. The formation of hydrogen chloride and an 
unstable solid suggests that the main reaction is a coupling one to produce a diarsine. 

'For a prelinzina~y publrcatiou see W. R. Cz~llen, D .  S .  Davson,  N. I<. IIola, atzd G. E. Styati. Che)ri. I)rd. 
Lolzdon, 083 (1963). 

Cat~adia l~  Journal of Chemistry. Volume 43 (1964) 
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I-Iolvevcr, analysis of the solid product indicates that it is mainly the symmetrical diarsine 
(CcI-15(CF3)As)2 (Anal. Found: C, 36.6, I-I, 2.3y0. Calc.: C, 37.9, FI, 2.3y0) rathcr than the 
i ~ n s ~ ~ n m e t r i c a l  one CGH5(CF3)As-As(CF3)2. Either diarsine could decompose to give 
benzenearsonic acid. Thc symn~etrical diarsine could arise from reactions of the following 
sort (8). 

CGH5(CFa)k\~CL + 1I.\s(CF3):! + CGM;(CF~)~-\S-;\S(C~;~)? + IlCl 

- HCI T 1 + IlCl 

CGII5(CF3)AsH + Cli\s(CF:S)r 

(CFs)?:1sI-I + Clr\s(CF:,)z + (CF~)?AS-AS(CF~)? + I-ICI 

CGIH;(CFa);l~II + Clrls(CFa)CGtI; + CcI-Ia(CI;a)As-rZs(CF3)CGtIj + HCI 

Such a scheme would also explain the formation of tetrakis(trifluoroi11et11~~l)diarsine and 
chlorobis(trifluoromct11yl)arsine. I t  does not, however, account for the presence of 
tris(trifl~~oro~neth)~l)arsine in the reaction prodi~cts. 

There arc n few examples kno\vi~ of the addition of olefins ancl acetylenes to compounds 
containing ht1-31 bonds (3'1 = P (9, lo) ,  B ( l l ) ,  Sn (12), S ( I s ) ) ,  for example 

(CI-13)?P-P(C1-I,), + C.F., -+ (CMa)2P--CF2CF2-P(CH,)?. 

Cacodj 1 (tetrametl~yldiarsinc) has now bcen found to react similarly xirith fliiorine con- 
taining olcfins and acetylenes. T l l i~s  when the diarsine is treated with excess hexafluoro- 
propene undcr niild conditions, a 1: 1 adduct, 1,2-bis(dimetl~ylarsino)hexafl~ioropropane, 
is formed. 

(CI-I~)?I\S-=\S(CEI~)! + CF,CI;=CFr -+ (CI-IJ)AS-CF(CF,)CF,-XS(CH~)~ 

The adduct distills a t  llG-11'7' (50 mm) and is hydrol>.zcd by hot alkali to give 
1,2,::,3,3,-pentafluoroprop-l-ene. The olefin is probably produced by 1-11: elimination from 
thc initially formed propane, which ~vould contain two adjacent CI-IF groups (14). 

Cacodyl also reacts easily with l~exafliiorobut-2-yne to give a 1: 1 adduct 2,S-bis(dimeth)-l- 
arsii1o)11exafl~1orobut-2-cne, b.p. 42' (lop3 mln), 99" (17 mm). 

(CI-I~)?~\~-.\S(CH~)? + C F ~ C G C C F ~  4 (CI-I ~)~A~-C(CF~)=C(CI:~)-AS(CH~)? 

The F1"nuclear magnetic resonance spectrum shows only two peaks of approximately 
equal intensity such as would be shown by  an approximately equimolar rnixtiire of the 
cis and trans forms of the adduct. The infrared spectrunl of the ndduct shows only a 
weak double-bond absorption a t  15'70 cm-l. I-Iydrolysis gives a small amount of trans- 
l,I,1,4,4,4,-hexafluorob~~t-2-cne. The adduct reacts with mercuric chloride to give a com- 
plex of indefinite constitution. A similar adduct is obtained froin hexamethylditin and 
l~exafluorobiit-2-yi~e on i~ltraviolet irradiation, although in this case the F1"n.m.r. spectrum 
has only one peak, indicating that only one isomer is formed (15). Grant (2) has found 
that the iodine catalyzed reaction of tetraltis(trifluoro~~~ethyl)dipl~ospl~ine with acetylene 
gives a trans adduct. 

In the present investigation we have found that tetral<is(trifluoron~ethyl)-dipl~os~hine 
and -diarsine do not react with hexafluorobut-2-yne a t  100°. Thc nature and variety of 
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these addition reactions and their products malies it  difficult to suggest a reaction nlech- 
anism witllo~it a much more detailed study; however, the trans orientation of one product 
and the 1:1 distribution of isoillers in another seems to rule out a general four-center 
mechanism. 

Cacodyl does not react inlillediately with tetrafluoroethylene a t  20°, but,  when the two 
are irradiated with ultraviolet light, reaction does occur. Trimethylarsine is produced in 
sillall amounts, but the nzain reaction product is an involatile, air-stable liquid which 
analysis indicates to be illainly the 1 : i  adduct (CW3)2As-(C2F~)4-As(CH3)2. The F19 
n.1n.r. spectruin supports this result. I t  shows three broad lines with chemical shifts of 
the illagilitude expected for CF2 groups in a chain (IG). The relative areas of the pealis 
arc 58:30:27, but because of overlap the ratio of the sillaller peaks, 30:27, is not very 
accurate. I-Iowever, their total relative area of 57 is reliable. These figures strongly indicate 
that  the relative areas are in fact 2 : l :  1 or 4:2:2, the ratios which would be expected from 
the compound .. ... .. . 

1 11 111 11 I 

(CM3)2L-l~.CF,.CF2. (C~F.,)~.CF~.CF~.AS(CI-I~)~ 

~vhcrc thc fluorincs on carboil atoins i, ii, and iii would have different chemical shifts (IG). 
Similar products have been obtained froin the iodine-catalyzed reaction of tetrafluoro- 
ethylene with dimethyl disulphide (13). 

The rcactioil of cacodyl with hexafluorocyclobutene a t  20' yields fluorodimethylarsine 
and the novel compound 1-dinzethylarsinopentafluorocyclobutene, b.p. 125", in good 
yield. The n.il1.r. spect~.um of this compound, which will be reported in detail later, is 
complex but contai~ls three general regions of fluorine absorption as  expected. The  
infrared spectruin shows a strong double-bond absorption a t  1G59 cm-l. The method of 
preparation of the compo~incl and the results described above suggest that the first product 
of the reaction is a 1 : l  adduct which eliminates fluorodimethylarsine to  give the cyclo- 
buteile derivative. 

(C1-I3)g:l~-ti~(CHa)2 + CF=CI;~CI':CI:? -~[(CH~)~AS-CI;CF~CI'~CF-AS(CH~)?] 
4- 

FAs(CH3)a + CF2CF?CF=C-As(CI-I3)? 

A similar reaction sequence has been suggested (17) to accouilt for the for~ilation of 
1-alkyl-pentafluorocyclobuteiles fro111 the reaction of liexafluorocyclobutene with alliyl- 
magnesium halides. The saille cyclobutene derivative can be made by reacting liexafluoro- 
cyclobutenc wit!] the "Grignard reagent" made from dimethylarsine (18). 

A 1: 1 adduct is probably forined when the diarsine reacts with bromotrifluoroethylene 
under mild conditions, although in this case analysis of the product I-bromo-1,2- 
bis(dimetliylarsino)trifl~~oroethanc, b.p. G5O nzm), indicated it  to be impure. The 
addiict slo~vly tlecomposes a t  20" to give dimeth~~ltrifluorovinylarsine and presumably 
bromodimethj-larsine. 

Both these clecomposition products as well as fluorodimetl~ylnrsine, the climer of bromo- 
trifluoroetliylene, and other unidentified fractions are also formed in the initial reaction 
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to produce the adduct. Addition followed by eli~nination is probably the source of the 
dimetl~ylperfluorovinylarsine and the bromodirnethylarsine. In a siinilar way the renctioil 
of bro~notrifluoroethylene with tetrakis(trifluoromet1~yl)-diarsine and -diphosphine a t  100" 
probably gives bis(trifluoromet1~yl)trifluorovinyl-arsine and -phosphine (19). Dinlethyl- 
trifluorovi~lylarsine is also produced when cacodyl and trifluoroiodoethylene interact a t  
20". Iododimetl~ylarsine and an unidentified volatile yellow solid are the other products. 
A stable adduct (CH3)tAs-(CFZCFI),,-As(CE13)2 does not seem to be forined in this last 
reaction; the least volatile reaction products are air sensitive and the analytical data fit 
cacodyl better than ally adduct of cacodyl with the olefin. 

Dimethyltrifluoromethylarsine is produced when trifluoroiodomethane reacts with 
trimethylarsine (20) and with iododimethylarsine in the presence of mercury (1). I t  has 
now been found that trimethylarsine slo\vly interacts with trifluorovinyl bromide ant1 
iodide but does not give the expected diinet1~yltrii'iuorovin)llarsine. This compound can, 
however, be prepared in low yield from the reaction of trifluorovinyl iodide wit11 iododi- 
methylarsine in the presence of mercury. 

c F ? = c F I  + Ilg f IAs(CM3)s + CF?=CFrls(CH,), + IlgI2 

Trifluorovinyl bromide does not react with either iododimethylarsine or diiodon~eth~.l- 
arsine in the presence of mercury. Since the vinyl bromide readily reacts with cacodyl yet 
does not react with iododi~nethylarsine and mercury, i t  seeins that cacodyl itself is not a 
reactive interinediate in these coupling reactions. This conclusion is substantiated by the 
failure of hexafluorobut-2-yne to react with iododiinethylarsine in the presence of mercury. 

Dirnethyltrifluorovinylarsine, b.p. 71°, is a colorless liquid slightly less volatile than 
trimethylarsine, b.p. 51°, and dimethyltrifluorometl~ylarsine, b.p. 58". I t  is slowly hydro- 
lyzed by hot alkali to trifluoroethylene, a result analogous to the slow hydrolysis of 
diinethyltrifluoroinethylarsine to fluoroforin (21). There appears to be a coilsiderable 
difference in the hydrolytic stability of the easily 11)-drolyzed tris(trifluoroi~~ethy1)arsiue 
and the stable tris(trifluoroviny1)arsine ( 2 2 ) .  

EXPERIMENTAL 

Appara t~~s  and Tecl~nipzles 
Most of the methods used in the present investigation have been described in earlier papers in this series. 

The F1'I n.m.r. spectra were obtained using a Varian spectronleter operating a t  33.4 i\/Ic/sec. The spectra 
are reported relative to a trifluoroacetic acid external standard. A dinonylphthalate on firebrick column 
(12 I t )  in an Aerograph instrument was used for vapor phase chromatographic separations. He l i~ r~n  \\.as used 
as the carrier gas and the temperature of thecolumn is indicated in the test. Starting materials \\,ere prepared 
by methods described in the literature. 

Reaction of Arsenobenze?re with Trifluoroiodonzell~ane 
(a) Arsenobcnzene (10.0 g) and trifluoroiodon~ethane (18 g) did not react a t  20' (3 days). IIowever, 

reaction occurred a t  l l j0 (1 day) giving a darlc-brown l i q ~ ~ i d  product. Trifluoroiodomethane (5.4 g) \\as 
recovered, and the remaining contents of the reaction tube were distilled in a nitrogen atmosphere (65 rn~n)  
to give phenylbis(trifluoromethy1)arsine (8 g, 4'272 yield, b.p. 85") of l<nown infrared spectrum and a pale- 
yellow liquid shown by analysis to  be iodoplze~zyltri$uoro~i~ell~ylarsine (6.2 g,  yield, b.p. 155"). rlnal. 
Found: C, 23.9; H, 1.54%. Calc. for C~HjrlsF3I: C, 24.2; H, 1.44y0. The residne in the still pot (5.3 g) was 
largely diiodophenylarsine. The infrared spectrunl of iodopl~en~~ltrifluoro~neth~~larsine showed the following 
absorption bands (liquid film): 3055(w), 2230(vw), 1575(vw), 1452(m), 1435(1n), 1330(m), 1302(w), 1252(m), 
1185(s), lllO(broad vs), 1072(s), 1020(m), 997(1n), 735(s), 725(m), GS7(s) cm-'. 

(b) A similar reaction toolc place when arsenobenzene and trifluoroiodomethane were irradiated with 
ultraviolet light. 

Reacliolzs of Iodophe~~yllri$z~oro~~zetlzylarsi~~e 
(a) With silver chloride.-The arsine (3.4 g) and an  excess of freshly prepared, dry silvcr chloride were 

shaken a t  20' for 3 days. rl colorless liquid, cl~lorophenyltri$z~oro~~zethylarsirte, which was sufficiently volatile 
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to be taken into the \.acuum system, was quantitatively procluccd. I t  distillctl a t  118' ((15 111111) in a nitroge~l 
atmosphere. Anal. Found: C, 33.0; H,  1.76; AS, 28.1); CI, 13.6y0. Calc. for C7I-15AsCIF3: C, 32.7; I-I, 1.513; 
As, 29.2; CI, 13.8y0. The infrared spectrum was alnlost identical \vith that of the iodonrsi~ie. 

(6) U',ith iodometl~a~le i ~ r  the presence of v~erc~~i.y.-?'he arsine (6.2 g),  iodomethanc (13.4 g),  ancl mercury 
(40 g) were shaken for 3 wcclcs a t  20'. lodonlethane (13.3 g) was quantitatively recovered. A white solitl in 
the reaction tubc WRS extracted with belizene to give a solution which slowly deposited crystals of benzene- 
arsouic acid. The acitl mas identilied by means of its X-ray powder photograph. 

Reactio~r of CI~loropl~e~~yltri$z~oi~oitietl~ylarsi~~e tuitll Bis(tri$i~oro~~~ell~yl)a,.sitie 
The chloroarsine (0.7 g) and bis(trifluoromethyl)arsinc (0.S12 g) were left a t  100' for 7 days. Trap-to-trap 

distillation gave hydrogen chloride (0.043 g;  mol. wt. 36.6), bis(trifl~1oromethy1)arsine (0.466 g), chloro- 
phcn)~ltrifl~~oromethpiarsine (0.14 g), and a ~nitlclle fraction which contained t r i s ( t r i f l~~oromct l~yl )ars i~~e,  
tetrakis(trifluoro~~~ctl~yl)diarsine, ant1 possibly a trace of cl~lorobis(trifl~~oro~~~etl~yl)arsi~~e, all of lanown 
infrared spectra. !I cream solid \vhich was left in the reaction tube \\,as highly ~ ~ n s t a b l c  to air. Anal. Found: 
C, 36.5; H, 2.3376. The end protluct of the clecompositio~l was bcnzenearsonic acitl. 

Reacliotl of Cacodyl zoitl~ FIexaflr~oroprope~ie 
The tliarsinc (5.3 g) and the propene (16.0 g) were left a t  20' for 13 days. .A snlall a~noun t  (1.0 g) of a 

l icl~~id,  b.p. 36-38' (10P) mm, which fumed slightly in air was isolated. The infrared spectrum of this fraction 
showed the presence of C-F and As-CHJ groups. All reactants and products were combi~letl and heated to  
50" (7 days). Distillation of the less volatile material in a nitrogen atnlosphere a t  50 mm gave 1.1 g of cacodyl, 
b.p. 78'; a middle fraction, b.p. 78-114"; ant1 1.6 g (18% yicltl) of 1,2-6is(di11~etl1ylarsi~~o)-l,l,2,S,5,3-I~esa- 
$i~oropropa7~e, b.p. 114-116". The  last fraction still fumed in air, so air was bubbled through it until the fuming 
had ceased. 1\11 ar~alytical sample, b.p. 116-117' (50 mm) was obtained from another distillation. Anal. 
Found: C, 23.2; I-I, 3.29; As, 41.G; F, 31.80j0. Calc. for C71-Il?As2FG: C, 23.3; H ,  3.33; .4s, 41.6; F, 31.7%. 
The infrared spectrum (liq~lid film) showed the followirlg bands; 3005(w), 2915(w), lGiO(w), 1418(111), 
1277(s), 1265(s), 1195(broacl, vs), 1142(s), 115S(broad, m) ,  91)0(~1), 912(broacl, ~ n ) ,  850(111), 798(w), 720(w) 
cm-I. \\'hell the adduct (0.291 g) was heated (10O0, 24 hours) with 8 1111 of 10% aqueous sodium hydroxide, 
0.034 g of 1,2,3,3,3-pentafluoroprop-1-me, of known infrared spectrurn (23), was 

Reactioz of Cucodyl with I~esu$i~o~ocyclobr~lelle 
Cacotlyl (5.0 g) and the butcne (1.7.8 g) were left for 12 days a t  20'. Apart frorn some white deposit O I I  

the glass all the contents of the tube were volatile. 'l'rap-to-trap clistillation isolated 1.140 g of fluorodi- 
methylarsine, \vhich attacked glass and which stopped in a trap cooled to  -64'. Anal. Found: C,  18.2; 
1-1, 4.776; n~ol .  wt. 127; b.p. 66-68" (by distillati011 in a nitrogen atlnosphcre a t  760 mln). Calc. for C~HG.%SI;: 
C, 19.4; I-I, 4.8%; mol. wt. 124; b.p. 75" (24). The  nlost volatile fraction was perfluorocyclobutene (14.6 g) ,  
which contained some fluorodimethylarsine. The  least volatile fraction (7.0 g) was distilled in a nitrogen 
atmosphere to give 0.52 g of fluorodimethylarsine, b.p. 70-75", and 4.0 g (83% yield) of I-din~etlrylarsino- 
pe1~tn$l~orocyclo6z~tene, b.p. 122-125". An a~ialytical sample, b.p. 125", \vas obtained by redistillation. Anal. 
1;ound: C, 29.0; I-I, 2.41; As, 30.0; 17, 3S.00/b. Calc. for CGHGASF~:  C, 29.0; H, 2.4'2; As, 30.1; F ,  38.4%. The  
infrared spectrum showecl the following bands (liquid film): 3 0 1 0 ( ~ ) ,  2920(w), 2 3 6 0 ( ~ ) ,  2310(sh,w), l(i95(s), 
1$24(nl), 1397(s), 1374(ru), 1275(vs), 120G(o1), 1117(vs), 1104(s), 050(vs), 000(w), SG5(m), 812(1n) cm-'. 

Reaction of Cucodyl wit11 Broti~otrifEz~oroetlryle~~e 
'I'he diarsine (4.0 g) and bro~notrifluoroethylene (16.5 g) \irere left for 7 clays a t  20'. Qualitative invcstiga- 

tion sho\\~ed that although some reaction had occurred considerable amounts of the diarsine were still present. 
The reactants \\.ere then heated to  50' (5 days). The volatile material was talcen into the vacuum system 
leaving 4.3 g of a pale-yellow liquid in the reaction tube. Trap-to-trap distillation gave 13.5 g of bro111o- 
trifluoroethylene, 0.4 g of 1,2-dibromohexafluoroc~clob~1ta1~e (XI), and 1.7 g of a mixture \vhich was separated 
by vapor phase chrolnatography (v.p.c.) a t  135' into fluorodimethylarsi~le (0.2 g ;  ~nol .  wt. 121; calc. mol. 
\vt. 124) of l;no\\ln infrared spectrum, bromodimethylarsine (0.4 g) of l;no\\rn retention time and infrared 
spectrum, and one other volatile fraction. This last fraction was a mixture of dimethyltrifluorovinylarsi~~e 
and one other unidentified unsaturated compound. 

The involatile reaction product distilled a t  G5' (10-3 m u )  ancl analysis of the pale-yellow distillate 
suggested that it was an impure sample of 2-bro1no-1,2-bis(cli1i1et1~~~1arsino)-l,l,2-trifl~oroetha1e. .+lual. 
1;ound: C, 21.0; H ,  3.47; As, 40.3; Br, 18.7; F, 16.9y0. Calc. for CGH~~ASLBTF~:  C, 19.4; H, 3.24; As, 40.4; 
Br, 21.6; F, 15.4yo. The  infrared spectrum showed the following bands (licluid film): 2085(111), 2905(1ll), 
",00(w), 2330(w), 1723(1n), 1705(m), 1420(111), 1290(m), 1265(m), 1152(m), 1110(n1), 10G7(s), 1015(1n), 
985(1n), 004(m), S50(s), 8'25(m), 792(m), 682(in) c~n-I. An ethanolic solution of the adduct reacted with an  
ethanolic solutio~l of inercuric chloride to  give a white precipitate \vhich was insoluble in boiling ethanol. 
An infrared spectrum of the solid showed the presence of C-H and the absence of C-F groups. The adduct 
slo\vIy dccoul~posed on standing a t  20°, since some months after its preparation it was found to  be volatile 
enough to be taken into the vacuum systern where trap-to-trap distillati011 isolated slightly impure dimethyl- 
trifluorol~inylarsine. 
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Reaction of Cacodyl wit11 Iodotriflz~oroetl~ylene 
Cacodyl (1.7 g) ant1 the ethylene (10.0 g) \\,ere left for 7 days a t  20'. Trap-to-tmp distillation gave iodotri- 

fluoroetliylene (8.9 g),  a volatile unidentified yellow solid, iododi~~~ethylarsine,  and dimethyltrifluorovinpl- 
arsine. These fractions could ~ ~ o t  be separated quantitatively. The trifluorovinylarsine was purified by v.p.c. 
(90") to give 0.1 g of product. An ir~volatile air-sensitive material ivhich contained As-CH3 and sollle C-F 
re~nairled in the reaction tube. Anal. Found: C, 24.8; 1-1, 4.9%. 

React io?~ of Cacodyl witla Te t ra f l~~oroe t lay l e~~e  
\\'he11 cacodyl (1.5 g) \\,as exposed to thc olefin a t  a pressure of 30 cm (20") there was no drop in pressure. 

The diarsine (1.5 g) and the olefin (3.9 g) were irradiatecl ill a sealed tube with ultraviolet light (24 hours), 
to  give tetrafluoroethylene (0.4 g) ancl trimethylarsine (0.053 g) of known infrarecl spectra. The air-stable 
colorless involatile product (4.3 g) distilled a t  Inn1 io the range 110-125". Elemental analysis of a middle 
cut,  b.p. 120°, showed it to be probably a 1:4 a d d i t i o ~ ~  procli~ct of the diarsine and the olelin, 
(CI-I~)~~\S(CF~CF?).~:- \S(CH~)~.  Aml. Found: C, 23.2; H ,  1.8; As, 22.7; F, 51.7%. Cnlc. for CI?H~?AS?FI~~:  
C, 23.6; I-I, 1.97; As, 24.6; F, 49.90j0. Two other cuts wcre talcen ancl these analyzed as follows: C, 23.5; I-I, 
2.4% (110-120"); C, 22.5; 13, 1.6% (120-125"). The infrared spectra of the three fractions were very similar. 
'I'he F1"n.m.r. spcctrum of the third cut showcd pealcs a t  +2450, +2290, ant1 +2%40 c/s of relative area 
58:30:27. 

Reactiora of Cucodyl zuitl~ fIe.vafl1roro5uL-d-y1ae 
The acetylene (7.5 g) and the diarsine (5.0 g) reacted on warming to 20' 1-0 give a reddish- brow^^ solution. 

The tube was lcft a t  20' for 14 days. IHexafluorobut-2-yne (4.3 g) \\.as the only volatilc substance present in 
the tube. The involatile, air-stable reaction product distilled a t  42' mm) and a t  99' (17 mnn) and was 
identilied as  d,3-bis(dimethylarsi1ao)-l,l,l,S,S,~-l~e,~ufluorobut-2-e1ae. Anal. Found: C, 26.0; 1-1, 3.4; As, 40.2; 
F, 30.9y0, mol. wt. 35!). Calc. for Csl-II?AsaFs: C, 25.8; H, 3.22; As, 40.3; I;, 30.Gy0, rnol. wt. 372. 'The infrared 
spectrum showed the following bands (liquid lilnl) : 299O(w), 2915(w), 157O(w), 1425(1n), 1300(w), 1230(vs), 
1175(sh,s), llT4(vs), 1135(vs), 897(w), 867(w), 832(w), G53(1u) c~n-'. The F1hn.m.r. spectrum consisted 
of two peaks of nearly equal intensity a t  -1368 and - 1483 c/s. The adduct (0.283 g) was hydrolyzed with 
15y0 aqueous sodiuun hydroxide (5 days, 110") to  give a smnll amourlt (0.019 g) of trans-1,1,1,3,3,3-hesa- 
fluorob1rt-2-e1le, of 1;nown infrared spectru~n. The adtluct had partially deco~nposed to a blaclc solid and 
~~niclentified volatile products after 3 days a t  159'. \Vhen ethauolic solutions of the adduct and mercuric 
chloride were nlixeci, a cream precipitate was obtaiiled which was rccrystallizetl from ethanol. Anal. 1;ouncl: 
C, 11.5; H ,  1.29; As, 12.7; CI, 14.4; F, 10.7; Hg, 38.17,. 

React iol~ of fIe.v11flzrorob1rt-2-y1ae ~uitlz Tetrukis(triflzroro111et1~yl)-diarsine a7l.d -rEiphosphi?re 
'The arsine (1.53 g) ancl the acetylene (4.9 g) did not react after 7 days a t  10O0or, in a separate experiment, 

after 10 days a t  150'. 'The acetylene (4.9 g) and the diarsirle (1.50 g) were recovered. Si~nilarly, the acetylene 
and the diphosphine did not react when heated to  100' for 2 days. 

I i e a c t i o ~ ~  of Br .ori~otr i f l~~oroethyle~~e w i th  I o d o a r s i ~ ~ e s  in the Prese7ace of ivferczrry 
( a )  loclodi~nethylarsine (25.7 g),  mercury (250 g),  and bromotriflooroetl~yle~~e (49.0 g) were shal;c~~ a t  

20' for 11 days. The only volatile substance present in the reaction tubc was bro~notrifluorocthylene (48.7 g). 
(6) Diioclonlethylnrsiric (18.9 g), nlercury (200 g),  and bromotrifluoroethylene (49.6 g) did not produce 

any trifluorovinylarsi~leafter being shalie~l for 18 days a t  20'. The weight of the ethylene recoverecl was 49.0 g. 

Reaction of Iodotriflzroroethyle?~e w i th  Iodod in~e t l z y lar s i~~e  i ? a  the Presence of Afcrczrry 
Iododirnethylarsine (24.2 g),  mercury (340 g), and ioclo~rifluoroethylene (66 g) were shaken for 10 days 

a t  20". Iodotrifluoroethyle~ne (64.4 g) \\.as recovered and di~rrethyltriflzrorovinylarsilre (1.0 g) was produced. 
'The arsine was identified by its molecular weight of 181 (calc. 11101. \vt. 186). Au analytical sample was 
obtairlecl by j7.p.c. a t  55'. Found: C, 26.0; 13, 3.31; A%s, 40.3; F ,  30.4y0. Calc. for CJHGASF~:  C, 25.8; HI  
3.26; As, 40.4; F, 30.6%. Infrared spectrum (vapor): 3010(m), 2920(m), 1780(w), 1730(s), 142S(m), 1298(s), 
1140(s), 1020(s), S97(m), 852(111), 715(1n) cm-I. The boiling point was found to  be 71°, the latent heat of 
\,aporization 8180 cal,/rnole, and Trouton's constant "3.8. When the arsine (0.086 g) was hydrolyzed by 
15yi aquco~is sotli~im hydroxide (100°, 24 hours) trifluorocthylene (0.0094 g) was produced. Unreacted arsine 
\\;as also isolatecl. 

Renclion of Iododz~11etlaylarsi7te w i th  He.~aflzroiobz~t-2-yne i ?~  the Prese?zce of Merczrry 
Iododimeth> lnrsinc (21.0 g) ancl hcxafluorobut-2-y~ie (30.0 g) did not react on being shaken for 7 dais a t  

20' in the presence of 217 g of mercury. The butync was recovered quantitatively. 

Renctiolz of T r i ~ ~ ~ e t l ~ y l a r s i ? ~ e  zuitla Bronzotrifl~roroethylene alrti Iodotriflrroroethyle,le 
Trimcthylarsiiie (0.60 g) and bromotrifluoroethylene (6.5 g )  were Icept a t  20' for 1 year. Trap-to-trap 

distillation of the volatile material recovered 6.4 g of bro~~~otrifluoroetlnylc~~e and 0.54 g of trime~hylarsinc. 
A small amount of unidentified brow11 solicl remained in the reaction tubc. Thc rccovercd arsine was left 
\\.it11 6.0 g of iodotrifluoroetl~ylene for 14 days. Examination of the volatile contc~its of the reaction tube 
sho\vcd only the presence of starting materials. X small amou~l t  of dark solid remained in the reaction tubc. 
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