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summary 

DiphenylJlthloarslne IS oxidized by aroma7.1c ketones and quinones to 
tetraphenyldiarsme. These reactIons were studled by means of EPR spectroscopy 
In order to ascertain the course of the reacixon. Tetraphenyldlarsme was charac- 
terlzed by its mass spectrum, PhlE spectrum, and conversIon to dlphenyldimethyl 
arsoruum lodlde. 

Alkali metal derlvatlves of organylarslnes of the general formula R,AslV, n 
(n = 1, 2; hl = LI, Na, K) have been found to be convenient startmg materials for 
the synthesis of organic arsemc compounds 1r-1 reactlons with organic halldes, 
organic dlhalldes, organometalhc hahdes, epoxldes, Isocyanates, lsothlocyanates, 
and carbodumldes [ 11. Only three compounds contanmg carbonyl groups have 
been found to react with alkali metal derlvatlves of organylarslnes Dlphenyl- 
potassloarsme and trlfluoroacetyl chloride or pentafluoroproplonyl chlonde 
produced m low yields dlphenylperfluoroacylarslnes [ 21. Isslelb and Tzschach 
[ 31 mentioned that benzophenone and alkallarsenldes gave blue, extremely air 
sensltlve solutions. In order to elucidate the reactive behavior of alkallarsenldes 
towards carbonyl compounds, reactions of dlphenylllthloarslne with benzo- 
phenone, benzxl, 9,10-anthraqulnone, 9,10-phenanthraqulnone and p-benzo- 
qumone have been carried out. 

Experimental 

Materials and mstrumenfa~lon 
Trlphenylarsme was prepared from arsenic trlchlorlde and chlorobenzene 
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141. Tetrahydrofuran was dned over sodium/benzophenone and dlstllled before 
use. Dlphenylhth!oarsme was synthesized from tnphenylarslne and ht,hrum in 
tetrahydrofuran [ 51. To remove exess hthlum, the solutions were ftiltered 
through glass wool m an inert atmosphere. Addltlon of t-butyl chloride 
destroyed the phenylllthlum formed In the reaction. Benzophenone, benztl 
and p-benzoquinone were obtamed commercially. 9,10-Anthraqulnone and 
9,10-phenanthraqumone were prepared accordmg to hterature procedures 
[ 61 The qwnones were recrystalhzed before use. Benzophenone and benA 
were employed Lvlthout punflcatlon. AU evperlments were performed under 
dry nitrogen. NMR spectra were measured in carbon tetrachlorlde with ThlS 
as Internal standard using a Harlan Associates Rlodel T-60 spectrometer. The 
mass spectrum or” tetraphenyldlarslne was obtained with a CEC 21-1lOB mass 

spectrometer employmg an acceleratmg voltage of 8000 V. The molecules were 
bombarded with 70 eV electrons at a source and probe temperature of 250 and 
1 lo”, respectively. 

Tetrapherlyldiarsrne 
Into a 250 ml three-_wcked, round-bottomed flask was added freshly 

pressed hthium wre (0 -I2 g, 0.06 moles) and a magnetic stu-nng bar One neck 
was equipped wth a nltrcgen mlet tube, one was closed wth a stopper and 
Lhrough the thud neck the flask was evacuated by means of a vacuum pump. 

Tne flask was then filled with nitrogen A solution of trlphenylarslne (9 2 g. 
0 03 moles) In dry tetrahydrofuran (50 ml) was then added to the lithium wue. 
The magnetically stu-red rnlxture developed a red coloration after approximately 
15 mln After 1 h stu-nng at room temperarure the solution was ftitered under 
nitrogen through glass v,ool to remove any unrescted I!thlum. Then t-butyl 
chloride (2.8 g, 0 03 molts) UI dry tetrahydrofuran (10 ml) was slowly dropped 
mto the fdtered solution .md the resulting mixture stu-red for an hour. Benzo- 
phenone (5.5 g, 0.03 mobs) rn dry tetrahytlrofuran (50 ml) was then added drop- 
wse The color changed from red to dark blue. After all the benzophenone had 
been added the mlhture M as hydrolyzed wl;h 2 111 hydrochloric acid (15 ml. 
prepared with deokygenal ed water) The organic layer was separated under a 
nitrogen atmosphere and most of the solvent removed by dlst!llatlon The residue 
was drred at room temperature In vacua The solld residue WES recrystallized 
from ethanol/cetmhydrof_tran (-I/l v/v). Tetraphenyldlarsme melcing at 125-127; 
MS ohtalned In 61% yiela S~m!la.rly, benzil (6 3 g, 0 03 moles) and dlphenyl- 
hthioarsme (0.03 moles) produced a 46% yield of tetraphenyldlarslne after 
hydrolysis of the dark brown reaction mlsture 

Reactions with qll!rzones 

The respective qulnones (0 015 moles) cilssolved In dry tetrahydrofuran 
(20 ml) were added to a tetrahydrofuran solution of dlphenylhthloarslne (0 03 
moles). The yield of purlfled tetraphe~yld~arslne from the anthraqumone, 
phenahthraqumone and p-benzoqumone were 55, 51 and 6392, respectwely. 

EPR experrments 
The solution required for the EPR spectra were prepared as described 

earher. After dlphenylhthloarsme and the appropriate carbonyl compound were 



combined m the desired molar ratio, small samples were transferred to 2 mm 
duuneter EPR-quartz tubes fitted with a Schlenk-type adapter permrttmg the 
tubes to be flUed under an atmosphere of dry rutrogen. The EPR spectra were 
obtamed on a Varran Assocrates Model-EGA spectrometer. 

Results and discussion 

Addltron of benzophenone to dark red solutions of dlphenyLlrthloarsll?e 
m tetrahydrofuran causes a color change to an mtense dark blue. The resultmg 
solution 1s extremely air and morsture sensltrve and grves an EPR slgnal in con- 
trast to the hthloarsme solution. Srmllar observations were made when the 
hthloarsrne was treated wrth benzll or the qumones. Hydrolysis and work-up of 
these reaction mL\tures resulted In the isolation of tetraphenyldiarsme as the 
arsenic contalnlng product. The esperrmental facts can be explained on the 
basrs of an oyldatron-reduction reactron described by eqn 1. Each of the 

-- 
2(C,H,),AsL1 + 2(C,H,):CO - (C,H.), As-As(C,H.)~ + S(C,H,)?C-QI LI’ 

(1) 

carbonyl compounds may undergo a reductron by acceptmg from the hthro- 
arslne either a single electron or two electrons. Experiments were run to ascertarn 
the course of these reactions. For benzophenoue, reactions 1 _md 2 depict the 
two possible reductron processes. If one electron each were transferred from two 

Ll 

2(C,Hj)zAsLl + (C,H;)2CO + (C,.Hs)lA~.~s(C,I~j)~ + (C,,H,),C-_O\-LI+ (2) 

drhthroarsrne molecules to the benzophenone molecule the drllthio derlvntlve 
of benzhydrol (eqn. 2) should not generate an EPR signal Ho\“ever, In reactions 
of benzophenone vvlth a ten-fold molar excess of dlphenylhthlo~s~ne an EPR 
signal was observed mdrcatmg that radrcal anions were present 

Two drstmct reaction paths are possible In the lnteractlon of qulnones wrth 
the dlphenyllithroarsme. Equation 3 depicts the tivo possrbllltles The first case 

. 

(3) 

mdrcates reaction m a l/l molar rat.10 resultrng In formatron of a semiqumone. 
The second case results m the formatron of the dtithio salt of the corresponding 
dlhydrory compound. By adJustmg the storchtometry we were able to establish 
that both reactions can occur. Equrmolar amounts of reagents produced solutrons 
that exhrblt an EPR signal tndlcatrve of semrquinone formatron. However the 
reaction mivture obtamed from phenanthraqumone and a ten-fold molar excess 
of amine did not produce an EPR signal mdrcatmg that m this case the qumone 



was reduced to the hydroqumone denvatlve 9,10-Dlhydroxyanthracene was 
solated as a prodcct of the reactlon between dlphenylbthloarsme and 9,10- 
anthraqulnone (3/l molar ratlo). No evidence for the formation of diphenyl- 
hydrovymethyIdlF;henylarsine, the product expected by reactlon 1, was found 
when benzophenone was one of the reactants In order to most efflclently syn- 

(C,H.),-AsLl + (C,Hj)lCO - (C,Hj)2*AS_C(OLl)(C~Hj)~ (4) 

thesIze teh-aphenyldiarsme, 2 compoi 1 not eastly awulable otherwse, equlmolar 
amounts of the lrthloarsme and benzophenone or benzxl should be employed. 
Each mole of qulnone, on the other hand, can transform two moles of llthlo- 
arsme to the dlarsme. Several recrystalhzaiions, all can-led out under an atmo- 
sphere of rutrogen. were necessary m some cases to urovlde a product with the 
proper meltmg pomt Employmg benzophenone, the yield of purfifred tetra- 
phenyldlarslne based on tnphenylarslne was 64% Earher methods for the prepa- 
ration of this dlarsine were rather involved requu-mg in most cases two different 
asenlc compounds, each having two phenyl groups bonded to the arsenic atom 
[7]. TetraphenyldIarsme was characterrzed by its melting point [7], by conver- 
sion to dlmethyidlphenylarsonlum iodide through a reactlon with escess methyl 
lodlde [8j, by Its ’ H NhlR spectrum (structured resonance km 6 7 02 to 7.60 
ppm) and by Its mass spectrum. The followmg mass spectral peaks were observed 
(species, m/t?, relattve mtenslty based on R?As = 100) RJAs2, 158, 55, RJAs, 
306, 0.9; R2 As, 229, 100; C, H, AsC,H~ ,288,S; (CoH,)l As, 227, 55, RT. 154, 
19,CgHjC,HAr 153, 8, RASH, 153, l;(C,H:)l, 152, 12, RAs, 152, 15,ClzH,, 
151, 3,, CbH4As, 151, 12, As:, 150,0.3, C,H,As (n = 2, 3, a), 123 + 11, l-2; 
C,H2_L\s, 113, 0 1; C:H?As, 101, 2, AsC, 87, 0.1, R, 77, 6; As, 75, 0.3; 
(R = C,, H; ) The base peal; corresponds to (C, Hj )2 As formed by cleavage of 
the weak arsenimsenlc bond In the dlarsme As expected, cleavage of phenyl 
goups lvlth the arsenlm-senlc bond remarr7ing mtact IS onI> a minor fngrnenta- 
tion path \vlth R,As? being the only fragment formed In this manner Trlphenyl- 
arslne LS the major arsenic contalnmg recombmatlon Ion The mass spectrum 
showed thaL the purlfled samples of tetraph+nyldxxrslne were free of bls(dl- 
pnenylarslne) OxJde. 
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