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CHAPTER I 

INTRODUCTION 

Arsenic has enjoyed a wide and varied notoriety since 

its discovery as a result of the work of Alburtus riagnus 

in 1250 A.D. Since that time arsenic has acquired a rather 

diabolical reputation in the literar*/ field as the agent 

of choice in dispatching numerous victims to their final 

rewards. Conversely, the application of arseno compounds 

in the treatment of certain afflictions of man is often 

cited as the forerunner of the discipline of chemotherapy. 

Ehrlich discovered in 1907 that Salvarsan, 3,3'-diamdno-

4,4'-dihydroxyarsenobenzene, acted as an anti-syphlitic 

agent against the organism Treponemapalladium. Arseno 

compounds were eventually discarded in favor of other anti-

syphlitics, but in an attempt to improve the efficacy and 

stability of these compounds and to reduce their toxicity, 

a large number of substituted As-As bonded materials were 

prepared and tested.^ It is unfortunate that a large portion 

of this work is chem.ically uninformative, but from reported 

physical properties many of these compounds are very prob

ably polymeric mixtures of variable and unĴ nown composition. 

These early structural assignments were based on the erron

eous assumption that arseno compounds were structurally 

related to azo compounds, i.e., of the formula RAs=A3R. 



In spite of these problems some valuable information 

could undoubtedly be retrieved from this literature 

if one had the patience and inclination to do so.^ 

More recently the study of the chemistry of arsenic 

as well as phosphorus has been an interesting and fruitful 

endeavor. An important feature affecting the chemistry 

of phosphorus and arsenic is their inability, concomitant 

with other second or third period elements, to form double 

bonds with other atoms of the same kind. Thus, whereas 

nitrogen, a first period element, forms azo derivatives 

(figure lA), phosphorus and arsenic have thus far produced 

no such com.pounds. Reactions in which arsenic or phosphorus 

would be expected to yield such compounds result in the 

formation of single bonds to like atoms forming chains of 

phosphorus or arsenic atoms. Some of these chains link to 

form the cyclic species, "cyclopolyarsines" or "cyclo-

polyphosphines" (figure IB). 

This lack of multiple bonding between phosphorus and 

phosphorus or arsenic and arsenic atoms may be considered 

a result of the failure of the 3p or 4p orbitals to overlap 

sufficiently to establish a ir-type bonding system due to 

increased inner shell repulsion. 

As typical Group VB elements, phosphorus and arsenic 

are able to behave as electron donors due to their lone oair 



R— N = N R 

E = P or A: 

(a) (b) 

:̂ ig, 1—Illustration of (a) azo derivatives 
formed by nitrogen and (b) a cyclic species formed by P or A: 



of electrons. They also possess d orbitals of fairly low 

energy which aids in back-donation. Thus, when the atoms 

to v/hich the phosphorus or arsenic donates has electrons in 

orbitals of the same symmetry as the empty d orbitals, 

back-donation may occur, resulting in ov3rall multiple-

bond character. This factor is especially important for the 

stability of complexes with transition elements where 

dTT-pTT bonding contributes substantially to the bonding.^ 

As stated previously, much early work was conducted 

on organo-arsenic compounds, but scant characterization and 

structural studies were performed. It was found in the 

early 1960*s that "arsenobenzene", originally thought to 

have the structure PhAs = AsPh^, was actually a six membered 

ring, hexaphenylcyclohexaarsine,^'^'' (PhAs)s. This is not 

to say that most of the original organoarsenic compounds were 

cyclic in nature; on the contrary, according to references 

given by Smith and Mills in their fine review^, mosr of 

these were linear polymers. The investigation of these 

cyclic species has been in many ways contiguous with the 

study of cyclopolyphosphines and has resulted in the 

synthesis of som.e novel compounds, which have r3ceived con

siderable attention due to their structures and peculiar 

reaction characteristics. 



Burg"̂  '133 observed tbat thera ir^ a major difference 

between carbon ?3ased poly-.ars and tnose formed -rith other 

elements due to the fact that the control of polymerization 

processes in the carbon based polyners is easier than in 

the case of "inorganic polymers". It i^ seldom possible 

to start with a stable monomer in "inorganic" polymer

ization and therefore, the product -'̂ill almost al̂ .-ays contain 

a variety of species of different molecular /eights. The 

synthesis of polyarsines and phosphines is representative 

of this general problem. 

Cyclopolyphosphines and cyclopolyarsines are compounds 

composed of a num.ber of phosphorus or arsenic atoms linked 

to one another by formal single, electron pair bonds and 

having an organic group R also bonded to each Group V atom. 

Examples of these homocatenated cyclic compounds are kno\̂n-i 

for both P and As containing 6, 5, or 4 atoms in the ring. 

For cvclonolvarsines the same organic substituents result 

in rings having the sam̂ e size, v/hereas for the cyclopolyphos

phines this general rule is not alv̂ ays obeyed.^ There has 

been difficulty in establishing the ring sizes of some of 

these corpounds but x-r3\̂  crystallographic analysis"^^ or the 

application of P amr spectroscopy^-^ has provided the 

answer in many cases. Tha structural features and general 

chemistry of cyclopolyphosphines-^"'' •̂ '̂ -̂-̂' and ar^ines"^ 

have been the ŝ ibject of sev-:ral revia--73. 



A previously unknô vn triphenylcyclotriphosphine 

(CgH5P)3 '/as recently described in the literature, but no 

structural data have been offered on the free m.olecule, 

which, due to its instability, is converted to (C H P) 
^ 6 5 5 

upon standing in solution. 

Another controversy has centered around the reported 

15 three-membered phosphine ring, (C2F5P)3, whose configur-

31 ation has been supported by P nmr measuremients. This is 

disputed by other workers v/ho claim the compound is a 

pentamer, (C^FgP)^. 

Figure 2 illustrates the various ring size structures 

most often encountered with cyclopolyphosphines and arsines. 

The rings are puckered in the solid state due to bond angle 

requirements of the Group V elements. The relative positions 

of the substituents on each ring atom (P or As) are compar

able for four and six-membered rings, but the orientation;= 

of substituent groups, with resoect to the ring, varies 

with the nature of R for five-membered rings. Uliile it is 

clear from the accurate structural studies that more than 

one ring size is possible for a compound having the 

empirical formula (i^)^/ the factors determining the actual 

ring size in a given instance are still obscure. •'•̂  

The phosphorus and arsenic atoms in these molecules 

are tertiary in nature, m̂ aking available a lone pair of 



(a) 

(b) 

V_y' 
(d) 

"^j.;:, X—(a) Cyclotriphosphine (arsiine) ; (b) c:yclo-
tetrajhosphine (arsine); (c) cyclopentaphosphine (arsine) 
and (d) cyclohexaphosphine (arsine) 
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electrons on the Group V atom for potential coordination 

to a metal. These simple considerations of the location 

of unshared pairs of electrons on a ring of P or As atoms 

would suggest that the ring compounds might behave as coord

ination ligands of a novel kind. 

For example, the cyclopolyphosphines or arsines could 

function as ligands capable of coordinating with several 

metal atoms. In 1974, West and co-workers^' prepared 

complexes containing a cycloarsine ring, pentamethylcyclo-

pentaarsine. This ring functioned as a unidentate ligand 

by displacing the labile ligand C^HgOH from M(CO)5C2H5OH, M = 

Cr, Mo, W, at temperatures up to 50°. The products isolated 

from these reactions exliibited infrared spectra containing 

the three band pattern of carbonyl absorptions for mono-

substituted Group VI metal carbonyls. The mass spectra of 

these binuclear species, [(CH3AS)5M(C0)5]2/ showed molecular 

ions in the case of the Cr and W compounds together with a 

variety of dinuclear species, iMz (CO) ̂  (CH3AS) 5 , showing 

successive loss of carbonyl groups. The mononuclear species, 

M(CO)5(CH3AS)5, and its decomposition products were also noted, 

The Mo complex did not show evidence for binuclear species, 

but ions of the form Mo(CO) (CH3AS)5 were detected. 



It is interesting to note that tha binuclear species 

-/ere obtained v.-hether a 1:1 or 2:2 ratio of ligand to 

carbonyl was used. The possibility exists that the 

displacem.ent of the ethanol v̂ as not rapid at room tempera

ture V7hen the reagents were first mixed, but '--'ere enhanced 

by the evaporation of the solutions to crystallization at 

50**. This led the workers to believe that solubility con

siderations nay have controlled tha form.ation of the 

dimeric species. 

Some interesting chemistry has also been reported 

for the rather unstable cyclotriphosphine-^^, (C5'i5P)3, 

mentioned earlier, which has been claimed to be coordinated 

to ?e and ITi in the complexes (CgHg?) jFs (CO) ̂  and 

(CgHgP)jWi(CO)3. The compounds are monomeric in solution but 

do not display either parent ions in their mass spectra 

or species showing loss of successive carbonyl groups. The 

ring in the Fe complex is thought to bind as a trihaoto 

31 unit on the basis of the P nmr spectrum of the complex 

which indicates equivalence of all three phosphorus atoms. 

The Mi derivative is unstable in solution. 

Another compound exhibiting an interesting structure 

is the complex in which each phosphorus in the (C^lgP)3 rin-

is coordinated to a metal. An x-rav structural analvsis 

has clearly sho'-zn the presence of the three-mepbared ring 
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in tha complex. "T̂'O ĈIis-'-n (CO) 2 groups lia abova the 

plane of the ring and one belo ,̂, ./ith the CgHj groups occu

pying positions opposite to the metal in each case. "Ihe 
. 0 

M.n - P distances (2.235 - 0.005 A) are shorter than the 
0 

sum of the covalent radii of Mn and P (2.48 A), v/hich seê ŝ 

to indicate considerabla P lln back bonding. ̂ ^ 

Bidentate behavior has been exhibited },»y cyclic phos

phines in the complexes (C2H5P) 5M0 (CO) ̂ -̂"̂  and (CI jT) g.: (CO) ̂  , "^ 

and the structures have been substantiated by single crystal 

x-rav diffraction studies. T^e five-nanberad •-•̂ bosDhine ring 

in the complex, (C2H5P) 5M0 (CO) ̂ , is bonded to the Mo atom, 

through two phosphorus atoms in the 1, 3 positions (figure 3b). 

The ohosDhorus atom, in position t'fo is moved out of the 

approximate plane of the remaining four phosphorus atoms and 

away from the 'lo site. ''::he overall configuration of tl^a 

phosphorus is, therefore, similar to that found in other 

free five-memberad cyclic phosphines and arsines. 

The related series of complexes (1^) 5*'(C0) ̂ , R = C.Hj, 

CH3? M = Cr, "lo, W, and (CgHj As) 6̂''o (CO) ̂  have been prepared^-^ 

and are also considered to contain bidentate ligands, on the 

basis of their analyses, molecular weights, and ir spectra 

in the CO stretching region, ./hich show the characteristic 

frequencies and intensities for cis- di- substituted 

LM(CO),» complexes. 
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(a) 

(b) 
c) 

(d) 
r i g , 3—Possibia che la t ion -Ixodes for 

phosphines or a r s i ne s 
C ' C l O : l . r - . 



12 

Cyclic arsine rings have been reacted with various 

metal carbonyl complexes in an attempt to make the rings 

function as bidentate ligands. One such attempt was the 

reaction between (CH3As)5 and (CgH ̂  2)''(CO) ̂ , M = Mo, W, 

which generally yielded complexes that were relatively in

soluble and were believed to be polymers based on the 

formula [(CH3AS)5M(C0)J . 

23 

The complex (CgHsAs)gMo(CO)^ has also been formed 

and to date has been the only complex in which a cyclo-

polyarsine apparently functions as a bidentate ligand. (''ic.33) 

Another noteworthy development in the area of cyclo

arsine chemistry is tha report by Dahl and co-workers^^ 

of the preparation of the novel three-membered arsenic ring 

complex. As 3 Co (CO) 3 (figure 4). The complex v/as distinguished 

by high air stability and ease of formation. The complex 

was formed by the reaction of Co2(CO)a and (CH3AS)5 in 

hexane at 200° and 103 atm, of carbon monoxide. This com.-

plex was prepared by replacing an As atom in the \s 1, molecula 

with an electronically equivalent Cc (CO) 3 •̂roup. Tha oura 

product '̂ âs obtained by chromatography on silica gel ̂%d.th 

hexane and by sublimation in a sealed tube at 35° and 10 mm. 

pressure. 
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ig, 4—Molecular configuratiicn of ^-T3CO(':O), 
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r.llermann and Schossnar hc.ve reported tl'.a synthasis 

of another interesting three-m.ambered arsanic ring, 

CH3C(CH2As)3^^ (figure 5). The composition and structure 

were proved bv elemental analysis, mass soectrosco'--*'̂ , and 

X-ray crystal structure analysis. ̂-̂  This molecule presented 

some novel characteristics which differentiated it from 

other organocycloarsines, in which the organic substituents 

are generally found to alternate between the cis- and trans-

positions. In this organotriarsine, however, tha organic 

groups were forced to assume the all cis- configuration. This 

was achieved by attaching an organic cage to one plane of 

the three-membered arsenic ring. The lone pairs of electrons 

on the arsenic atom of necessity assume the all cis- config

uration opposite that of the organic cage. This all 

cis-organocyclotriarsine, which can be considered to be a 

constrained tripod triarsine, presented tha possibility of 

some novel arsenic chemistry. 

Tha non-ring tripod organotriarsine, CM3C (C::2 As?..) 3, 

CH3, Cglls, has been mixed with several metal conplexa=^ 

resulting in the formation of sta/ole '-i complexes, 27 T-j_f-'-̂  

tlie ligand CM3C [CM2AS (C:^) 2] 3 / complexes of the ganeral 

formula MiL2::̂  , X = CI, 'Vr, I, CIO^, ?>r̂  -r 'HCg'ig)^, and 

a thiocyanate complex, MiL("JCS) 2 '>'ara prepared. Tha ligand 

CIIjC [C l2-̂ ŝ CCglTg) 2 J 3 yield?, in the prascnca o^. the reducimg 



!':> 

Pig. 5—^'olecular configuration of c:i3C(cy2A3)3 
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agent sodium tetrahydroborate, the tv/o complexes NiLBr 

and MiLI, which were the first recorded examples of com

pounds of Ni(I) with a polydentate ligand having arsenic 

atoms as donors. 

The triphosphine, 1,1,1-tris (diphenylphosphinom.ethyl) -

ethane, also has a "tripod" structure and is potentially 

tridentate. It has been employed in several metal complex 

systems and also has shô vn versatility in its reactions with 

nickel, resulting in stable Ni (11)^8^ Nid)^^, and Mi(O)-̂ '̂  

complexes. 

-3 "I 

In a recent paper-̂ -̂ . West m.akes the observation that no 

cyclic phosphine or arsine has been shown to form monomeric 

compounds in which a single ring acts as a tridentate ligand. 

The all cis-organocyclotriarsine appeared to be a three-

membered arsenic ring especially suited to function as 

a tridentate ligand. With each of the arsenic atoms in the 

+3 oxidation state, each atom has a lone pair of electrons 

suitable for coordination. This would seem to theoretically 

mcike the compound a non-chelating tridentate ligand. The 

organic cage attached to the three-membered arsenic ring 

v70uld prevent the ligand from functioning as a chelate and 

a single coordination per arsenic atom wouJd be expected. 

With respect to tha three-membered ring, an additional mode 

of coordination could be possible, that of face coordination. 

The compound reported by Dahl^^, As3Co(CO)3, is an example in 

7hich this type of bonding exists. 
V7 
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A further and more detailed study of the constrained 

tripod triarsine was attempted for two reasons: 1. to charac

terize the comipound more fully; 2. to exploit the possibility 

of face-coordination of this compound to a metal carbonyl. 

Another and more intriguing possibility was the synthesis 

of the phosphorus congener, vzhich would be of importance in 

the theory of -̂̂ P nmr chemical shifts in relation to cyclo

polyphosphines. The availcLbility of th<3 three lone pairs of 

electrons on the P atoms in an all cis_-configuration, as 

opposed to the normal alternation between the cis- and 

trans-configurations, would make this three-membered phosphorus 

ring a likely candidate for the face coordination mode of 

bonding proposed for the tripod arsine. 



CHAPTER II 

EXPERIMENTAL 

Instrumental 

A Varian Associates nmr spectrometer Model XL-100-15 

was used for ^Ip and ^H spectra. Proton spectra v/ere also 

recorded on a Varian A-60 or Er:-360-60 nmr spectrometer. 

Mass spectra were obtained using a Varian MAT-311 m.ass 

spectrom.eter operating at 70 ev. Raman spectra were record

ed on a Jarre11-Ash Model 25-500 laser Raman. A Perkin-

Elmer Model 457 grating infrared spectrophotom.eter v/as 

used to record infrared (ir) spectra from. 4000 to 250 cm~ . 

The ir spectra of the solid compounds were recorded as a nujol 

mull using KBr or Csl plates. Thin layer liquid cells equipped 

v/ith Csl windows were used for liquid samples and solutions, 

xApparatus 

The manipulations of air-sensitive compounds were 

performed in a glove bag which had been flushed for twenty 

minutes with a stream of nitrogen previously passed through 

two CaCl2 thimble tubes. The vacuua system was equipped with 

ground glass stopcocks greased with silicone stopcock grease. 

-1 -2 Working vacuums between 10 and 10 torr vrere m^amtained 

through the use of a Welch Scientific Duo Seal vacuum pump. 

The high vacuum system was equipped with ground glass stop

cocks greased with Apiezon M, Pressures were maintained 

18 
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bet77een 10"^ and 10"^ torr through the use of a mercury 

diffusion pump coupled with a Welch Scientific Duo Seal 

vacuum pump. Pressures vrere monitored via either a 

mercury manometer or a Scientific Associates McLeod Gauge. 

Preparations 

(a) l,3-Dibromo-2-bromomethyl-2-methylpropane, CHj-C-

(CHzBr) 3. 

CH3C(CH20H)3 + PBr3 1'7Q°C CH,C(CH,Br) , 

27 hrs 

Sevaral m.ethods were attempted in the preparation of the 

tribromide. The first series of reactions involved the 

addition of P3r3 to a mixture of pyridine and 1,1,1-tris -

(hydroxymethy 1)-ethane, heating with an oil bath, and ext.rac-

tion of the product. This method yielded a mixture of 

partially substituted products. 

A second method proved to be quite suitable. This 

method involved no pyridine.-^^ The tri-alcohol, obtained 

from Aldrich Chemical Company, was used v/ithout purification. 

The tri-alcohol (148.00 g, 1.2 3 mol) was added to a 5 00 ml 

3-necked round bottom flask equipped -/ith nitrogen inlet 

em;ploying a CaSO«» drying tube, mechanical stirrer with teflon 

blade, and a dropping funnel leading to a KOH trap/bubbler. 

The PBr3(500 g, 1.85 mol) obtained from Fischer Scientific 

Company -/as used as recaivea, Tria tri-alcohol, after addition 



to the reaction flash, was haatad for 3 0 minutas at 100° C 

under a flô-.- of dry nitrcgan to driva off an;' residual water. 

Tha slo-7 dropwise addition of tha P3r, \:as started and, after 

approximately 10 minutes, an opaque liquid formed. Tha PBr^ 

•/as slowly added over a four hour period and at the end of 

this time a red solution -'as noted. The high tamuerature 

oil bath -/as slowly increased to 170° C and heating was con

tinued for 27 hours. ^t the end of this ti'̂ ê, the mixture v/as 

allowed to cool to roomi temperature and m.achanical stirring 

became difficult. The red liquid slowly began to solidify 

between 50-6 0° C and 250 ml doubly distilled hj 0 /as added to 

the flask. At this time, trie dark layer ./as separated from 

the aqueous layer, filtered, and placed on the vacuum, line for 

several hours (25°C, 0.5 torr). Yields of 60-70% vera ob

tained. An nmr spectrum exhibited two sharp singlets at 

5 = 1.28 (-CH3) and 3.55 ppm (-Cliz) with an intensity ratio 

of 1:2. 

(b) 1,1,1-Tris- (diphenylarsinometh\^l) -ethane, 

CH3C[CH2A3(CgH5)j]3. 

As(C6H5)3 + 2Ma i ^ ^ :iaA5(C6i5) + ll^.C^l^ 

Na(CgH5) + NH^Br ^ > MaBr + Cglig + JH 3 

NH 3 ^ 
3::aAs(Cgrl5) 2 + C: i3 -C- (CI l23r ) 3 l i i J — ^ 

CH 3-C-[CII2As (Cg rig) 2 ] 3 4- 3 "Ia3r 



The liquid amjmonia -ras first collected in a glass de'.'ar, 

containing Ma to ensure that the ammonia was anhydrous. 

The anhydrous ammonia was then vapor transferred to a 5 00 ml, 

round bottom, three-necked flask, fitted v.̂itli a nitrogen out

let to an oil bubbler, and a magnetic stirring bar. The 

flask v/as immersed in a Dry Ice/acetone bath to condense 

the ammonia. The sodium. (4.74 g, 0.206 m.ol) was weighed 

in benzene and was washed in anhydrous diethyl ether prior 

to addition to the flask. The ammonia was condensed over 

the sodium, and a bright bronze color --.̂as visible initially 

with a deep blue color forming soon afterwards. 'xfter 

approximately 400 ml of ammonia was collected, the tri-

phenylarsine (30.62 g, 0.990 m̂ ol) was added slowly ̂ ./ith 

continuous stirring. (This reaction is exothermic so care 

should be taken to add the arsina slowly.) A dark red color 

developed initially with an orange color forming later. The 

amjnonium brom.ide (!?.88 g, 0.101 mol) was slowly added to tb.a 

flask, (This is another exotherm.ic reaction and care should 

be taken.) After addition was com.pleted, an orange color 

was noted. Approximately an hour after the addition of the 

aiTimonium bromide, the tri-bromdde (10.20 g, 0,033 mol) -•'•as 

added drop-'ise -v̂ ith a concomitant formation of a --iright 

orange solution \'ith som.a "'hite orecimitate. T"-.a armionia 
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was allowed to boil off leaving an orange-white residue. 

To this residue was added 125 m.l THF which had been 

bubbled through with dry nitrogen for 15 m.inutes. The THF 

was refluxed for 8 hours, at which time the oil bath was 

removed and the solution was allowed to cool to room temper

ature under a flow of nitrogen. To the THF solution was added 

35 ml of water and 20 ml diethyl ether, which had been bubbled 

with nitrogen for 15 minutes. 

This mixture was stirred for 15 minutes and then trans

ferred to a glove bag, where the solution was filtered using 

a Buchner funnel and two layers of filter paper. The fil

tered solution was then added to a 250-ml separatory funnel 

and the aqueous layer and the organic layer v/ere separated. 

The aqueous layer was extracted three more timies with a total 

of 50 ml of diethyl ether. These extractions were added to 

the organic layer and were dried for an hour using CaCl2. 

The solvents were then removed on the vacuum line (0.5 torr, 

25°C) leaving approximately 35-50 ml of a light tan oil. 

This oil was recrystallized once from absolute ethanol and 

once or twice from acetone as required, white fluffy crystals 

(50-60% yield) wera obtained with m.p. = 119-121°C. The 

nmr yielded three sharp singlets at 7.28 (CgHj), 2.38 (CH^), 

and 1.01 (CH3) ppm from T?1S in a ratio of 10:2:1 respectively. 



(c) 1 , 1 , 1 - T r i s - (diiodoarsinometh:^l) -e thane , C:i3-C-

(CH2ASI2) 3 
CsHs 

CH3C[CH2As C g H 5 ) 2 ] 3 + ^^^( ) > CH3C(CH2ASl2) 3 + CgHg 

Method I. 

In this method the hydrogen iodide gas was generated 

from a heated mixture of phosphoric acid and ootassium iodide. 

The KI (373.90 g, 2.25 mols) and the H3P0^ (160 ml, --2.36 mol) 

were added to a 500-ml three-necked, round bottom flask, 

equipped with a nitrogen inlet and exit for the HI gas gen

erated. Upon heating to 200°C vrith a high temperature oil 

bath the gas started to evolve. After passing through a 

-15°C trap (benzyl alcohol/liquid nitrogen) to remove any 

water or other less volatile impurities, the gas v/as 

collected in a 100-ml flask immersed in a liquid nitrogen 

bath.-̂ -̂  The solid HI had a white fluffy appearance and, 

after approximately two hours, a sufficient amount had been 

collected for reaction with the tris-diphenylarsine. 

The tris-diphenylarsine (0.95 g, 1.25 rninol) was 

dissolved in 40 ml of nitrogen-saturated, distilled benzene 

and slowly pipetted into the flask containing the HI. The 

flask was immersed in liquid nitrogen and the benzene solu

tion was layered over the solid HI. The temperature v/as 

slowly allowed to warm to room tem.perature and the mixture 
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>:as allo-'ad to react for 20 hours. Ac tha and o? this 

tir.e, the solutio.i /̂as placed on the vacuum line and tha 

volume was reduced to approximately 20 ml of a dark red 

solution. After standing for a fev hours the tris-diiodoar-

sine precipitated from solution as a light, reddish-yallow 

solid on the sides of the flask. This solid -/as collected 

by filtration in a glove bag and tlie residue was washed two 

tim.es with a total of 2 0 ml of petroleum, ather, -'/hich -/as 

nitrogen-saturated and cooled in an ice bath prior to use. 

Another crop of crystals was obtained by reducing the 

voluiTie of tha mother liquor and allowing it to stand for 

several hours. The crystals v/ere dried for ^-^6 hours under 

vacuura (0.5 torr, 25°C) ; the am.ount of the tris-diicdoarsina 

recovered was 0.66 g, a 50% yield. 

M.athod II. 

The hydrogen iodide in this m.ethod v/as obtained fromi 

Matheson Gas in a lecture bottle. Tliis greatly simplified 

the initial part of the reaction, although at a somâ vhat 

greater financial cost. 

The tris-diphenylarsine (2,62 g, 3.46 mjuol) was 

dissolved in 50 ml of distrilled, nitrogen-saturated benzene 

and added to a 100-ml flask, fitted vith a coarse glass 

fritted bubbler for the :il gas inlet, a gas outlet 

connected to a trap, a mineral oil bubbler and a potassiam; 
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hydroxide solution trap.^^ The HI gas was bubbled slov/ly 

tlirough the solution via the glass frit bubbler for two 

hours, at which time the gas flov; was stopped and the solu

tion was allowed to stand for approximately tv̂ enty hours. 

At the end of this period, precipitation of the tris-

diiodoarsine was noted and the reaction flask was transferred 

to the vacuum line and the volumie of the solution was reduced 

to 35-40 ml. (This also removed most of the HI gas dis

solved in the benzene and simplified the handling of the 

mixture). At this time, the flask was placed in a glove 

bag and the crystals were collected and washed as detailed 

in Method I. In this preparation, 2.81 g of the tris-

diiodoarsine was obtained, a 77% yield. 

(d) 5-Methy1-1,3,7-triarsa-2,8,10-trioxaadamantane, 

CH3C(CH2AsO)3. 
THF 

CH3C(CH2Asl2) 3 + excess Ma ^ CH3C(CH2As)3 + 6 Nal 
THF 4. n-

CH3C(CH2As) 3 + n Na >• Ma^^ CH3C(CH2As) 3 
Nâ "̂̂  CH3C(Cn2As) 3^" -ZSL^ CH3C (CH2ASO) 3 

The triarsinetrioxide, (CH3C(CH2AsO) 3) , v̂ as prepared by 
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the general method of Ellermann. The Ma (0.70 g, 30 mmol) 

was weighed in benzene and cut under diethyl ether into 

small pellets. The Ma was then added to 20 ml of distilled, 

deoxygenated THF in a 50-m.l three_neckec Bantam.ware, round 
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bottom flask equipped with nitrogen inlet, reflux column, 

magnetic stirring bar, and nitrogen outlet connected to 

a mineral oil bubbler. Under an inert atmosphere the 

CH3C(CH2 Asl2 )3 (1.02 g, 0.966 mmol) was slowly added with 

stirring. After addition was completed, the mixture was 

heated to reflux with an oil bath. Stirring was maintained 

and after twentv minutes, the reddish-orance solution becan 

to pale, accompanied by the formation of a fine v/hite pre

cipitate. After cooling to room temperature, the solution 

was transferred to a glove bag where the excess Na and 

some of the finely divided Nal was filtered from the light 

yellow solution. The residue was washed three times witli a 

total of 30 ml of anhydrous deoxygenated diethyl ether. 

These washings were added to the light yellov; filtrate and 

were transferred to the vacuum line. After removing the 

solvents, the remaining orange solid was sublimed under 

vacuum (0.05 torr, 70°C) and after 48 hours an orange sub-

lim̂ ate was collected. This sublimate was placed in an 

evacuated, flame-sealed glass tube and allowed to slov/ly sub

lime over a period of two to three v/eeks. Beautiful colorless 

crystals were collected, mp 234-236°C, and exhibited a 

H nmr spectrum in CDCI3, consisting of two sharp singlets 

in a ratio of 2:1 at 1.? and 1.1 p^n, respective.ly from TM.?. 



-ne rar.an spectrum, of the solid colorless crystals, sealed 

in a capillary tube, a;:hibitad peaks at 162(3), 206 (vs), 

254 (s), 230(w), 332(w), 339(m), 372(w) , 385(vs), 415(m) 

and 522 (w) cm."-*-. The infrared spectrum, yielded a charac

teristic broad absorption at 730 cm"-̂  corresponding to the 

(AsO)^ ring stretching vibration. An x-ray structural 

analysis was perform.ed by Ivan Bernal at the University 

of Houston.^ Yields of between 30-40% wara obtained. 

Anal. Calcd. for CH3C(CH2^sO)3: C, 17.56; H, 2,65. 

Found: C, 17.84; H, 2.57, 

The triarsinetrioxide was also prepared by shaking 

an excess of mercury with CH3C(CH2ASI2)3 overnight in a 

closed ampule. The reddish-orange tri3-Asl2 and m.ercury 

slov/ly produced a gray-green residue, but upon heating for 

several hours at 70-80°C a darker residue v/as noted. 

The ampule -'̂as opened under an inert atmosphere and the 

oroduct "7as extracted with diethyl ather. \ftar rem.oval 
I 

of tiie solvent the remaining v/hite solid exhibited a H nmx 

indicative of CH3C(CH2AsO) 3. The sama procedure, vrith the 

addition of heating the ampule, resulted in mainly decompo

sition products. 
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(e) DiphenyIphosphine, (C6H5)2^H. 

(C6H5)3P - 2 Ma "''-̂  (f,)) (C6n5)2.̂ Ma 4- CsHsWa 

CgHsNa + NH^Br _J2iL-CiX-^ NaBr + CgHg + WH 

(C6H5)2PWa + H2O ^ NaOH + (C6H5)2PH 

The diphenyIphosphine was prepared by the general 

method of Hewertson and Watson-^^, by the collection of 

650-700 ml anhydrous MH3/^j over Na(25 g, 1.09 m.ol) 

forming the characteristic deep blue color. The tri-

phenyIphosphine (65.5 g, 0.25 mol) was slowly added 

with stirring and formed a deep red color. The NH^3r 

(24.50 g, 0.25 mol) was added thirty minutes later with 

an accompanying exothermic reaction. (The MH^Br should 

be added slowly with stirring) . After approximvately 

one hour, 15 ml of deoxygenated, dou.bly distilled v/ater 

was added and the NH3 . . was allowed to warm and boil away. 

After all the NH3 was removed, 75 ml of water was added and 

the solution became cloudy and off-white. Stirring v/as 

continued for thirty minutes, at which time 200 ml deoxygen

ated diethyl ether (EtiO) was added and stirred for an 

additional thirty minutes. The mixture was then transferred 

to a large separatory funnel, the organic layer was separated, 

and the aqueous layer v/as extracted twice more v/ith a total 

of 5 0 mil EtzO. The combined organic layers were dried ever 

CaCl2 for two hours, filtered, and the solvents ware ram.oved 
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under vacuum. (0,05 torr, 25°C) . After standing vmder 

vacuum for eight hours, 43.90 g (94% yield) of diphenyl-

phosphine was obtained as a clear light tan oil. The 

compound was identified by its K nmr spectrum. "̂"̂  

(f) 1,1,1-Tris-(diphenyIphosphinomethyl)-athane, 

CH3C[CH2P(C6H5)2]3. 

HP(C6H5)2 + 2 Na LJL^ MaP (Cg Ĥ  ) 2 + :̂aMn2 
NH3 

NHi»3r + NaNH2 L£i > Ma3r + 2MH3 

3NaP(C6H5)2 + CH3C(CH2Br)3 ^^ > 

CH3C[CH2P(CgH5)2]3 + 3 MaBr 

The tris-diphenyIphosphine v/as prepared by the general 

method of Hewertson and Watson. ̂ ^ Sodium (2.70 g, 117 mmiol) 

was v/eighed in benzene, cut into small pellets under ether, 

and added to a 500 ml three-necked round bottom flask, 

fitted with nitrogen inlet, magnetic stirring bar, and nitro

gen exit connected to a mineral oil bubbler. The flask 

was imjnersed in a Dry Ice/acetone bath (-65°C) and 150 ml 

of anhydrous liquid ammonia was collected over the Na. The 

dipheny Iphosphine (22.34 g, 120 mjnol) was slowly added over a 

ten-minute period, forming a dark, orange-red precipitate 

on the sides of the flask. The tri-bromide (12.36 g, 

40 mmol) , mixad with an equal volum.e of deoxygenated ether 

v/as added over a fifteen-minute period, approximately 
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thirty minutes after the addition of the diphenylphosphine 

was completed. Follov/ing the addition of the tri-bromide 

the solution became light-orange v/ith an off-white precipi

tate. The flask was removed from the Dry Ice/acetone bath 

and the ammonia was allov7ed to evaporate. The flask V7as 

then fitted 7ith a reflux condenser and the residue was 

refluxed with 100 ml deoxygenated THF for eight hours, 

resulting in an off-white mixture vith a yellow precipi

tate. The mixture was cooled to room temiperature and 110 ml 

deoxygenated, doubly distilled water was added, and using 

Schlenkware techniques, the mixture was transferred to a 

one liter separatory funnel and was combined with 25 ml 

deoxygenated ether. The organic layer was collected and 

dried over CaCl2 for an hour. The organic layer was then 

filtered from the CaCl2 and the solvents removed under 

vacuum (0.5 torr, 25°C). The product was obtained as a 

viscous light tan oil and its H nmr spectrum in CDCI3 

gave three peaks in a ratio of 1:2:10 at 0.92 (CH3), 

2.44 (CH2),and 7.26 (CgHj) ppm, respectively from TMS. 

(g) 1,1,1-Tris- (diiodophosphinomethyl) -athane, CH3-C-

(CH2PI2)3-
CSHG 

CH3C[CH2P(CgH5) jlj + HI — > CH3C(CH2Pl2) 3 + CgHg 

An attempt was made to prep=̂ re this compound employing 

the same general technique as that for the tris-diiodoarsine. "̂  
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The tris-diphenylphosphine (0.30 g, 1.28 mnol) was added 

to 33 m.l of distilled, deoxvaenated benzene contained in 

a 100-ml, three-necked, round-bottom 3antamv/are flask, ^itted 

with a coarse fritted bubbler for the gas inlet, a gas outlet 

connected to a trap, a mineral oil bubbler, and a KOK trap. 

TTithin a few seconds after the hydrogen iodide (HI) flow was 

initiated, a v/hite fluffy precipitate form.ed v;hich slowly re

turned to solution as the HI, .addition continued. Tb.e 
(g) 

slow to medium flow of HI/ x was stopped after two hours, 

resulting in a yellov7-orange solution containing a small 

amount of white orecipitate in the bottom, of the flask. The 

flask was protected from light and oxygen at room. tem.pera-

ture and at the end of 18 hours, light reddish-orange, 

needle-like crystals v/ere noted. At this tim.e, the flask 

was attached to the vacuum line and most of the solvent 

and HI/ X v/ere removed. The remaining crystals were 

collected by filtration under an inert atmosphere and dried 

under vacuum (0.05 torr, 25°C) for 8 hours. The tris-diphen

ylphosphine was cleaved at multiple sites, resulting in 

a complicated mixture of products v.̂ hich ware difficult 

if not impossible to separate. 

(h) DiphenyImethyIphosphine, CH3p(CgH5)2 
Mg + CgHsBr ^ CgHsMgBr 

2 CsHsMgBr + H3CPC12 ^ lliC? {Cells) 2 + 2 ^'g3rCl 
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The first step in this preparation involved the 

formation of the Grignard reagant, phenylmagnasium bromide. 

The apparatus consisted of a 5 00-ml three-necked, round 

bottom flask fitted with a mechanical stirrer with teflon 

blade, a dropping funnel equipped with nitrogen inlet, 

and a water jacketed condenser equipped --/ith a nitrogen 

outlet connected to a mercury/mineral oil bubbler. The 

system, was purged v/ith dry nitrogen and the magnesium. 

(2 7.00 g, 1.11 mol) '/as added with tv/o crystals of iodine 

and 2 ml of a 1:1 mixture of anhydrous deoxygenated ether 

and bromobenzene. The flask was then heated until the 

mixture appeared cloudy, indicating the initiation of reaction. 

A 5:1 mixture of ather : bromobenzene (105 ml, 1.00 mol) 

was added dropwise. (The bromobenzene is m.ore dense 

than the ether and the two liquids should be thoroughly 

mixed prior to addition to the hot magnesium.) As the 

addition of the ether/bromobenzene continued, the ether 

began to reflux and the addition was completed in about 

1 1/2 hours, while stirring was continued for another hour. 

The system was allov/ed to stand overnight under an inert 

atmosphere at room temperature. The second portion of the 

preparation involved the dropv/ise addition of the 

dichloromethyIphosphine (55.60 g, 0.56 mol) as a 1:1 mixture 

with anhydrous deoxygenated ether, A vigorous reaction 



occurred with the addition of tha first drop o^ the 

phosphine solution follo'̂ ed by the formation of a white 

precipitate (presum.ably magnesium bromide) . The reaction 

flask was cooled with an ice water bath and the reaction 

mixture vras stirred continuously with a mechanical stirrer. 

The addition was completed in approxim.ately one hour and 

the mixture %'a3 stirred for an additional hour. ^Ihe stirrer 

v/as than stopped and 20 0 ml of daoxygenatad, doublv cistillac 

•:ater v/as slov/ly added via th.e addition funnel, thereby 

aaco:-posing any lonraacted grirrnard raaa^nt. \fter stirrin-

for 1 1/2 hours, the mdxture ^as filtered through a 

specially designad, com.bination fritted filter/addition 

funnel/separatory funnel. ':ith this piece of c:lassv/ara it 

was oossible to separate t-ie aqueous and oraanic la'̂ 'ers. 

filter off any unreacted magnesium, and maintain an inert at-

m.oGphere in one manipulation. Tlie ether layer /̂as collected 

in a 500-ml round-bottom flask under an inert atm.osphere. 

The volum.e was reduced from 15 0 m.l to 75 ml by using a 70° 

bath. The flask was then connected to a vacuum (0.25 torr, 

25°) for three hours and the volume v;as reduced to approxi

mvately 70 ml. The phosphine was distilled under vacuumi 

(0.35 torr, distillation head 97-98°) and a dark liquid 

was collected. (The dark color was evidently due to a 

reaction betv/een the phosphine and the Polyfluor sealing wax 
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used to seal the ball joints of the distillation apparatus.) 

By using a "cow" collection flask, the phosph.ine v/as 

deposited in a small 5-m.l Bantamware flask, two receiving 

tubes to be flame-sealed, and an nmr tube to be flame-sea led.. 
1 

The phosphine (41.10g, 37% yield) exhibited a H nmr spectrum 

with tv7o absorptions, a com.plex pattern in the phenyl region, 

and a doublet upfield in the methyl region, having a ratio 

of 10:2.9. 

(i) Cycloheptatrienemolvbdenum(O) tricarbonyl, C.,Hg"o-

(CO)3 . 
nonane 

C7H8 + Mo(C0)6 ^ C7H8^Io(CO)3 + 3C0 

151° 

The Mo (CO) g v/as obtained from Alfa Inorganics Ventron 

and was used as received. The cycloheptatriene was obtained 

from Aldrich Chem.ical Company and v;as used without further 

purification. 

A mixture of cycloheptatriene (8.88 g, 96.5 mmol) , 

molybdenum hexacarbonyl (19.45 g, 73.7 mmol), and nonane 

(30 ml) was added to a 100-ml three-necked Bantamware, round-

bottom flask fitted with reflux column, m.agnetic stirring 

bar, nitrogen inlet, and nitrogen exit connected to a 

mineral oil/mercury bubbler. The mixture was heated to 

reflux with a silicone oil bath and was stirred continuously. 

Soon after starting reflux a red solution was noted and 
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molybdenum hexacarbonyl rapidly sublimed up the reflux 

column. Consequently, a glass rod v.-as required to repeated

ly displace the white sublimate back into the flask. After 

heating for 8 1/2 hours the oil bath was removed and the 

solution cooled to room temperature under an atmosphere 

of nitrogen. 

After standing overnight, the mixture was filtered 

under a stream of nitrogen using a m.edium fritted funnel. 

The dark bro\-m^red crystals v/ith some unreacted molybdenum 

carbonyl were washed with 30 m.l of deoxygenated pentane to 

remove any unreacted cycloheptatriene. 'I^he crystals v/ere 

then placed in a Soxhlet extractor and extracted vdth 

200 m.l of deoxygenated pentane. The extraction was carried 

out for two days cind the resulting dark red solution con

tained large dark red hexagonal prisms which v/ere collected 

by filtration and dried on a vacuum line (0.5 torr, 25°C) 

for 8 hours. 

The crystals (9.97 g, 49.7% yield) v/ere stored in a 

vacuum tube wrapped with foil and placed in a refrigerator. 

The presence of C7HgMo(C0)3 v.̂as verified by ir"̂  , 
1 36 
H nmr, and elemental analysis. r̂nal. Calcd. for C7H8"'o(c:0) 3 

C, 44.14; H, 2.96. Found: C, 44.37; H, 2.73. 



^.-

(j) Mesitylene ^.olvbdenum(O) tricarbonyl, [1,3,5-C6H3 

(CH3)3]Mo(CO)3, 

^6^3 ̂ '̂̂ 3) 3 -^ >io(C0)g ^ CgH3(CK3) 3M.o(C0)3 + 3 CO 

The synthesis of [l,3,5-CgH3 (CH3) 3 l̂ lo (CO) 3 was 

performed according to the m.ethod of Angelici.-̂ "̂  The 

crude mesitylene tricarbonyl v/as purified by dissolution 

in CH2Cl2and filtration through a miOdium glass fritted 

funnel and water aspirator. After several extractions 

v/ith CMzClz, hexane was slov/ly added to initiate precipi

tation of the tricarbonyl. The volume was reduced by 

passing a flov/ of nitrogen over the solution. As the 

CH2CI2 evaporated the mesitylene tricarbonyl crystallized 

as fine bright yellov/ crystals. These crystals v/ere 

collected by filtration and washed v/ith hexane and dried 

under vacuum (0.10 torr, 25°C) for six hours. The crystals 

v/ere stored under vacuum, and wrapped in foil. 

The presence of m^esitylene m.olybdenum tricarbonyl v/as 

-57 1 -57 07 

confirm.ed by ir,"̂  H nm-r"*' and elemental analysis. 

Anal. Calcd. for [C6H3(CH3)3]Mo(CO)3 : C, 43.02; H, 4.03. 

Found: C, 48.27; H, 4.04. 



('-) Cycloheptatriene molybdenum(0) tricarbonyl and 

triarsinetrioxide , C7^.1 ^Vo {CO) ^ + Ch'3C (crizAsO) 3 

C7ll8-'-o(CO) 3 + CH3C(CH2AsO) 3 ^ 

CvH8Mo(C0)3CH3C(CH2A30)3 

The cyloheptatriene molybdenum(0) tricarbonyl, 

C7H8Mo(CO)3, (0.20 g, 0.73 '̂ jnol) was added to 10 ml of 

deoxygenated chloroform in a 25 ml Bantamware flask fitted 

with a nitrogen inlat, nitrogen outlet, reflux condenser, 

and stirring bar. The triarsinetrioxida (0.25 g, 0.73 mmol) 

v/as then added and after stirring for five minutes at 

room temperature, the dark red solution began to pale and 

a light colored precipitate was observed. After stirring 

for three hours, the precipitate was collected by filtration 

in an inert atmosphere. '^^le solid was -̂.̂ ashed with deoxygen

ated chloroform and dried under vacuum (0.5 torr, 25°C). 

An ir spectrum of the solid was recorded as a nujol mull 

and exhibited absorptions at 19 30 and 2 000 cm. . 

(1) Mesitvlene molvbdenum(Q) tricarbonyl and triarsine-

trioxide, [1,3,5-C6H3(CH3)jlMo(CO)3 + CH3C(CH2ASO)3 . 

[1,3,5-C6H3 (CH3) 3]̂ -̂O(C0) 3 + CH3C(CH2A30) 3 ^ 

[1,3,5-C5H3 (CH3) 3]r'o(C0) 3CH3C(CH2A30) 3 

The mesitylene m.olybdenum.(O) tricarbonyl (0.22 g, 

0.73 mmol) was added to 10 ml of deoxygenated chloroform 

in a 25 mil Bantam.ware flask fitted with a nitrogen inlet. 
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nitrogen outlet, reflux condenser, ~:r:d stirring bar. The 

triarsinetrioxida (0.25 g, 0.7 3 mmol) v/as then added 

and aftar stirring for 15 minutes at room, temperature, 

a light colored precipitate was observed in the light 

yellow solution. After stirring for three hours, the 

precipitate v/as collected by filtration in an inert atmos

phere, washed with deoxygenated chloroform, and dried under 

vacuum (0.5 torr, 25°C). Aji ir spectrum of the solid 

was recorded as a nujol mull and exhibited absorptions at 

1890 and 1970 cm"^. 



CHAPTER III 

RESULTS AND DISCUSSION 

5-''ethy 1-1, 3 , 7-Triarsa-2 , 8 , lO-Trioxaadam.antane 

A. Synthetic P.eactions 

The preparation of tie triarsinetrioxide, CH 3C (C'l2AsO) 3, 

/as accomplished using four steps, beginning '̂ ith the 

tri-alcohol, CH3C(CH2OH) 3. Tha standard literature prap-

aration for converting an alcohol to a bromide consists 

of heating a mixture of P3r3 and the alcohol in pyridine. 

The product of this reaction invariably yielded an nmr 

spectrum indicative of a compound other than the desired 

tri-bromide. "I^lie presence of mixed substitution products. 

e.g 

CH, 

OH OH 
OH 

was verified by the following experim.ent. T^ n-r spectrum 

of the mixed sabstitution product was recorded and compared 

to an nmr soectrum in v/hich D2O had been added to the mix

ture of the m.ixed substitution product and chloroform. Due 

to the phenom.enon of hydrogan-deutariumi exchanc^, tie 

30 
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absorption of the protons of t'̂.e rem;aining hydroxy 1 groups 

was not observed providing strong evidence for tha pres

ence of the species shown above. --fter repeated attempts 

v/ith varying reaction conditions, the sam.e mixed substitu

tion products v/ere observed. Due to the need for m.ore 

stringent reaction conditions, the tri-alcohol and tiie 

?3r3 were placed in a reaction vessal without pyridine or 

other solvents and wera heated to 170° for 27 hours. Tl̂ e 

product of tnis reaction exlxibited an n^r spectrum, in 

agreement with that expected for the tri-bromida, consist

ing of two sharp singlets at 3.52 ppm. and 1.30 ppm in a 

ratio of 2:1, due to the m.ethylene and methyl proton absorp

tions respectively from TMS. 

This tri-bromide was then converted to a tris-diphenyl-

arsino derivative by reaction -̂̂ith NaA.s (Cgllg) 2; in the 

follov/ing sequence, 

As(C6H5)3 + 2 Ma LJ-> NaAs (CgHg) 2 + MaCgHg 

MaCgHg + NH^Br LLi> CgHg + "dH 3 m Ma3r 
NH3 

3 NaAs(CgH5)2 + CH3C(CH23r)3 UJ ^ 

CH3C[CH2As(Cgn5)2]3 + 3 NaBr, 

The product, CH3C(CH2As (CgHj) 2 ] 3 * ̂ ^̂as recrystallized 

from absolute ethanol. Frequently, difficult-; /as encount

ered in trying to obtain a purified product from absolute 
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ethanol and more satisfactory results -'are often obtained 
1 

using acetone. The :: nmr of this com.pound consisted of 

three sharp singlets in a ratio of 10:2:1 at 7.28 (CgHj), 

2.38 (CH2) , and 1.01 (CH3) ppm respectî '-ely from TMS. 

The next step in t!ie reaction sequence involved the 

cleavage of the arsenic-ohen-'l bonds and reolacem.ent of the 

phenyl groups -̂ ith iodine. Pllermtann and co-workers have 

demonstrated the preferential claavaga of arsenic-phenyl 

bonds over arsenic-methylene bonds by hydrogen iodide in a 

33 benzene solution. This reaction v/as achieved by bubbling 

hydrogen iodide gas through a solution of benzene and the 

tris-diphenylarsine. The product, tris-diiodoarsine, 

CH3C(CH2ASI2)3, crystallized out of solution as light 

orange crystals after standing in the hydrogen iodide-

benzene solution for 20-24 hours. 

This compound proved to be insoluble in m.ost solvents 

and characterization by spectrophotometric methods proved 

difficult. However, an infrared spectrum̂  v/as recorded 

employing a nujol mull and KBr plates. 

The tris-diiodoarsine vas reduced v/ith sodi'jm. in tetra-

hydrofuran to initially form the three-membered arsenic ring, 

CH3C (CH2AS) 3. Upon further reaction -̂ ith the sodium, tlie 

arsenic-arsenic bonds were broken with the concomdtant 
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formation of vary raactiva sodium organoar-^enica salts, 

'"'̂n ̂ "3^ (̂ 'd2A9) 3" , These salts abstracted oxygan from 

tie tetrahydrofuran solvent after prolonged contact to form 

the trioxide derivative, CH 3C (C::2A30) 3. 

3. Characterization 

This triarsinetrioxida can be considered to be a 

structural deri-̂ âtiva of the oranocyclctriarrina reported 

by 3llerm.ann and co-/orkars ,^^ in '/hich an oxygan atô .̂ is 

inserted into aach of the three arsenic-arsenic bonds, 

triarsinetrioxide can be viev/ad as an organoanalogue 

to xAs^Og, containing the (AsO) . ring /̂ith an adamantoid 

structure. 

As indicated in Figure o , the compound has npviroxi-

miatelv C, svmmetrv. The com.pound is soluble in most 

common organic solvents including benzene, chloroform., 

tetrahydrofuran, and diethyl ether, T.'ia nmr spectrum, ra-

corded with CDCl, and TM.S as tha internal standard exhibita.: 
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two sharp singlets at 1.95 ppm (CM^) and 1.10 ppm (CMj) 

with a ratio of 2:1. The infrared spectrumi is character

ized by a broad strong absorption centered at 78 0 cm." , 

corresponding to the (AsO)3 ring stretching vibration as 

in As^Og • The m.ass spectrum showed a very weak parent 

peak with other expected fragments analgous to the organo-

cyclotriarsine reported by Ellermann.^^ 

The clear crystals are stable with respect to air 

oxidation for a period of several hours and axhibit a 

m.elting point between 2 34-236°. Occasionally, the sublimed 

crystals -̂̂ ould have a light yellow-orange tint v/hich could 

be removed by repeated sublim.ations. 

C. Crystal Data 

A colorless, transparent, crystal was sealed in a capil

lary tube and used for data collection. The unit cell dim.en-

sions (Table 1) v/ere cotained from the centering of 37 reflec

tions falling in the range 25° v< 26 <$: 32°: a = 11.093(5), 

b = 8.340(2), c = 9.777(4) A and S = 91.47(3)°; V = 904.23 A) 

d(calculated) = 2.51 g - cm for Z = 4 molecules/unit cell. 

The space group is F2i/n. The data (1733 reflections of 

which 765 were above 3o [I]) v/ere collected by methods des

cribed in detail elsev/here."^^'-^^Throughout, 'loK̂  radiation was 

used v/ith a com.puter-controlled Enraf-rionius CAD-4 diffrsct-

ometar. The current R(F) and R̂  (F) indicas are 0.097 and 
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TABLE 1 

CRYSTAL DATA FOR 5-METHYL-l,3,7-TRIARSA-

2 , 8 , 10-TRIOXAADAMANTANE 

6 O 

Bond Bond L e n g t h (A) Bond A n g l e ( ) 

As - As 3 . 1 6 5 ^ 0 . 0 0 7 

As - O 1 .77 ± 0 . 0 3 0 

As - C 1 .96 

C - C 1 . 5 3 i 0 . 0 5 

0 - 0 2 . 7 3 

0 - As - O 1 0 0 , 5 2̂  1 .5 

O - As - C 9 7 . 7 t 1 .5 
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0.08S and tha '-̂ eichting sc'-.ama --as w = 1/a (FQ/), The 

molacule i- described b-.- the 03TF? Plot sho'̂ n in Firura 6, 

Positional naram.eters are given in Table 2. 

^. Ligative Properties 

The triarsinetrioxide was mixed with several metal 

carbonyls in an attempt to characterize its ligative prop

erties. 

The triarsinetrioxin^a was mixed -;ith cycloheptatriene 

m.olybdenum(O) tricarbonyl, C7nQMo(C0)3, with dauterated 

chloroform as the solvent. This reaction -/as carried out 

in an nm.r tabe v/hich allowed for easy monitoring of the 

progress of the reaction. Mithin a few minutes after the 

addition of the C7Ha''.o (CC) 3 to the triarsinetrioxide solu

tion, a fluffy, light-colorad precipitate form'ad. Tha 

reaction was m^onitored by nmr over a period of tv/enty-one 

hours with no visual change in the solution. Towards the 

end of the reaction period, the solution -:as heated for 

three hours at 60°. 

The nmr of the "free" cycloheptatriene (-̂ igure 7) was com

pared to the nmr spectrum of the cycloheptatriene molybdenum(0) 

tricarbonyl, (Figure 8) . I">.n nmr spectrum of the triarsine

trioxide v/as recorded in CDCl prior to t.'ve addition of 

the cyclohaptatriene miolybdanum.(0) tricarbonyl. "£\\e 
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POSITIONAL PAPAilETERS FOR THE MOLFCULI 

Atom 

As 1 

- -3 2 

As 3 

0 12 

0 13 

0 23 

C 1 

C 2 

C 3 

C 4 

C 5 

X 

0.5038(5)^ 

0.2955 (4) 

0.3467(5) 

0.3896(29) 

0.4362(38) 

0.2545(24) 

0.5852(42) 

0.4342(30) 

0.4613(37) 

0.5227(41) 

0.6118(53) 

y 

0.4589(6) 

0.6950(6) 

0.6384(7) 

0.5129(37) 

0.4670(35) 

0.6714(31) 

0.6596(49) 

0.8465(52) 

0.8132(43) 

0.8141(56) 

0.9633(60) 

z 

0.2029(5) 

0.1059(5) 

0,4218(5) 

0.0394(28) 

0.3592(28) 

0.2784(21) 

0.2330(41) 

0,1303(34) 

0.3884 (36) 

0.2461(40) 

0.2536(50) 

^The numbers in parenthesis are the estimated standard 

deviations in the least significant digits. 
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absorptions due to tha triarsinetrioxida -.-era p.ot observad 

and the nm.r spectrum of tha reaction mi::ture '-̂as quite 

sim.ilar to the of C7n8''o(CO)3 . Absorptions that closely 

corresponded to the "free" cyclolieptatriene v/ere observed 

sorae tv/enty hours after the reaction was initiated, follov/

ing heating of the mixture for three hours. These observations 

v/ere interpreted as being a result of the rapid formation of 

the com.plex, C'13 (CH2ASO) 3C7ngMo (CO) 3, ̂ -̂ hich is insoluble in 

CDCI3, As the triarsinetrioxide reacted with the 

C7M3Mo(CO)3 and formied an insolu'̂ -le complex that precipi

tated from solution, the absorption due to the triarsine

trioxide was elimdnated. As the solution v/as allowed to 

stand for an extended timio v/ith a short period of heating, 

the complex [CH3C (CH2ASO) 3 ] 3M0 (CO) 3 --mz formed with the dis

placement of the cycloheptatriene. This v/ould account for 

the absorptions due to the "frpe" C7H8 naar the end of the 

reaction. Further studies were precluded due to the 

small am.ount of triarsinetrioxide available. 

A similar series of observations v/ere made for the 

reaction between the triarsinetrioxide cind mesitylene molyb

denum (0) tricarbonyl. A rapid formation of precipitate -/.as 

observed with the concomitant loss of absorption due to the 

triarsinetrioxide. After tv/enty hours, the solution was heated 

at 60° for one hour and an nmr spectrum, was recorded and compared 
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to th? spectrum of ma sitylene '.0(00)3 (Figure 2). ^s M.th 

the C7':8Mo(CO) 3 , t̂ is presence o.̂  "fraa" '^a-itylena (Î igura -10) 

•̂/as observed and tliis too /as fait to be a result of the 

formation of [CH3C (CH2A3O) 3 ] 3M0 (CO) 3 with the disy.lacement 

of tie mLesit'lene. 

Interesliingly, even after heating the triarsinetrioxida 

and L-1G(C0)3, L = C7H8 or me.sitylene, no fraa triarsinetriox

ide was observed. This r̂ould sear, to indicata that tha 

complexes are relatively stable and t-at t'na t.riarsinetriox-

ide acts as a relatively tenacious ligand. 

The Phosohorus Analoaua to the OrganoG'7clotri:>odtriarsina 

Part of the original aim of this researcli was to 

attempt the preparation of the phosphorus analogue to the 

organocyclotripodtriarsine reported by Fllermann. Tb.a syn

thesis of this phosphorus compound was proposed along -/ith 

its characterization. It v/as hoped tiat this compound --̂ ould 

31 
be a valuable link in the theory or P nm̂ r spectroscopy 01 

cyclopolyphosphines as v/all as an interesting addition to 

the family of organocyclopolyphosphines. 

The first few steps in the synthetic route v/era very 

similar to that for the arsine compound. The difficulty -/as 

encountered in the cleavage of the phosphorus-^vhenyl bonds 

bv hydrogen iodide. 
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Prelim.inary reactions ':̂ at''aan hydrogen icdido and 

dipheny lm.ethy Iphosphine, (CsHs) 2~'C;M3 , were carried out in 

an attempt to determine the specificity of pb.osphorus-phenyl 

bond cleavage abova phosphorus-methyl bond cleavage. The 

spectrum, of dipheny Ime thy Iphosphine in CDCI3, with *̂:s as 

an internal standard, ardiibited a sharp w^ll-dafinad doublet 

at 5.60 ppm and a sharp absorption at 0.78 ppm dua to tbie 

aromatic protons.(Figure 11) 

Tne diphenyImathyIphosphine -/as dissolved in freshly 

distil-Tad methylene chloride and hydrogen iodide gas v/as 

slov/ly bubbled through the solution for three hours, Tha 

reaction was monitored for 94 hours by periodically with-

drav/ing samples from̂  the reaction mixture and immediately 

recording an nm.r spectrum. As the reaction progressed, a 

sharp singlet at 0.13 ppm started to develop and becama 

stronger with time. This was felt to be due to an absorp

tion by methane liberated by the cleavage of tha m.ntryl 

group by the hydrogen iodide. After examining the results 

of this ê qperim-ent, it ̂ '̂as fait that tha data supported the 

initial rapid cleavage of a phenyl group from the dipheny1-

me thy Iphosphine followed by competing reactions in vrhich the 

methyl and phenyl groups were cleaved. The cleavage of the 

methyl group appeared to be favored over the cleavage of the 
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F i g , 11— H nmr sp-actrumi of diphanyl^^athyi-^hosn)hina 
(nea t ) 
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second phenyl group. '::ha3e findings cast an ill wind over 

the feasibility of synthesizing the tris-diicdophosphine, 

CH3C(CH2Pl2)3 >7 this method. 

The reaction betv/een hvdroaan iodide and tris-1,1,1-

diphenyIphosphinomethylethane, CH3C[CH2P(CgHg)2 13/ was 

carried out in an attempt to prepare CM3C(CH2^^2)3/ the pre

cursor to the organocyclotriphosphine, CH3C(CH2r)3. The 

tris-diphenylphosphine v/as dissolved in CH2CI2 and hydrogen 

iodide was slowly bubbled through the solution, "ithin ten 

minutes after the addition of the hydrogen iodide, a fluffy 

v/hite precipitate formed and redissolved within 30 minutes. 

Samples of the reaction mixture v/ere rem.oved periodically 

and monitored by nm.r. The conclusions drav/n from, the analy

sis of this series of reactions closely paralleled the 

conclusions drav/n from the data collected from the reaction 

between the diphenyImethyIphosphine and hydrogen iodide. 

The removal of the first phenyl group from the phosphorus 

v/as relatively rapid, v/ithin 15-20 minutes, but the result

ing product V7as a mixture of substituted products exhibiting 

absorptions in the phenyl region. 

Although the synthesis of the phosphorus analogue to 

Ellermiann's tripod-triarsine was unsuccessful, tha formation 

of tlie organotriarsinetrioxide v;as accomplished and the 

compound was v/all characterized. However, som.e interesting 
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questions still remain. For example, the nature of the 

Tiriarsmetrioxide-metal carbonyl complex is still unknô -ni. 

It would be interesting to know if the triarsinetrioxide 

functions as a monodentate ligand by displacing one of the 

carbonyl groups or if an interaction with the cyclohepta

triene or mesitylene takes place. 

Another interesting study could be conducted to ob

tain an x-ray structural analysis of a triarsinatrioxida-

matal carbonyl complex. 

Concerning the phosphorus analogue to the organotri-

podtriarsine, ancillary studies to determine an alternate 

method of closing the three-membered phosphorus ring should 

be attem,pted. This could be attempted by experirienting 

further v/ith the hydrogen iodide cleavage of the phenyl-

phosphorus bonds to form the tris-diiodophosphine or by seek

ing some alternate method. The potential synthesis and 

characterization of the organocyclotriphosphine presents 

intriguing possibilities that someday should ba probed. 



REFERENCES 

1 . -K. G, S m i t h , /^.u.->tral, J . F h a r m . , 2 7 , G21 ( 1 9 4 6 ) . 

2 . A. L. T ' l e i n g o l d , Homoatomiic A i n - s , C h a i n s and 
' l a c r o r ^ o l a c u l e s ' o f 'A-in I r o u . i P lem>ents , 
(A. L. R h e i n g o l d , e d . ) P l s e v i e r S c i e n t i f i c 

P u b l i s h i n g Company, llaw Y o r k , 1^77 , Cha-ot 1 7 , 
p . 3 9 2 . 

^. F, A. Cotton and A, Milkinson, --d̂ /ancad Inorganic 
Chenistr;^, 3rd LAl, , Interscienca Pu'^lishars, 
.:a-̂/ Yorh, 10 72, p, 369. 

4. L. A, Smitn and J, A, Mills, J. Organomatal, 
Cham. , 8j^, 1 ( 1 3 7 5 ) , ' 

5 . : ' . Y. M r a f t , C, "M B o r o d i n a , I . : i . ' ^ t r a l ' t s o v a 
a n d y . T, . ^ t r u t c h J c o v , D o k l . ^Jcad l lauk 33S^. , 
1 3 1 ( 1 9 5 0 ) . 

6 . S . F . R a s ' - m s s e n a n d J . D a n i e l s o n , A c t a , Chim, 
S c a n d . , 1 4 , 1852 ( 1 9 5 0 ) . 

7. K. Hedberg, Z, V.» Huahes and J, Maser, Acta Cr-^st. , 
14_, 369 (1961). 

3. A. 3. Burg, Inorganic Polymars, C'var̂ , 3oc. (London) 
Special Pu:3lications Mo. 15, p. 17 (1961). 

?. J. L. Mills, Homoatomic Rings, Chains and ":̂ >cro-
molecules of Main Arouo Flements, (b, L, Aheincold, 
Ed.) "Elsevier "ciantific Publishing Comipan--, 
Mew Yark, 1077, Chap. 15, p. 350. 

10. T̂. J. Daly in Persoectivas in Structural Char\i5try, 
ad. J, D. Dunitz and J. A. Ibers, "'ile" V'e/- Verb) , 
3_i 1-35 (1970). 

11. L. R. .Smith and J. L. ".ills, Cham. Commun., SOG 
(1974). 

1 2 . 3 . 0 . b J a s t , Mac. Cham. P r o g . , 3 0 , 249 ( 1 9 5 9 ) . 

53 



59 

1 3 . :->. II, Co-7ley and A. D. P i n n e l l , 'Tropics i n P-^osphorus 
C h e m i s t r y , a d . ' ' . Grayson and A'. J . G r i f f i t ' i , 
I n t a r s c i e n c e ("'e^' ^^ork) , £ , 1 ( 1 ^ 5 7 ) . 

1 4 . "I, E a u d l a r and M. Bock, Z. Anorg . Allrr , Cha^. , 
3 9 5 , 37 ( 1 9 7 3 ) . 

1 5 . A. 11, Covrley, T. A, F u r t s c h , and A, S. D i a r d o r f , 
Chem. Con\mun., 523 (1970) . 

^ • • * 

nr. : a c r o -1 6 . J , L. ' ' i l l s , ^--Tonoatomic R i n g s , Cha ins 
"molecules of .•'ain Group g i aman tT j (A, L, PA.aingold, 
e d . ) F l s e v i a r S c i e n t i f i c '^u'vli-J-iinc Com.oan-, 
Mew York , 1977 , Ciiap. 1 5 , p . 3 5 5 . 

1 7 . ? . 3 . Hlmas and 3 , 0 . \r33t, A u s t . J . Chem, , 2 3 , 
2247 ( 1 9 7 0 ) . 

18. :', Handler and .'-l. 3ock, Ange-̂ .̂ Cham. , Int. 3o. 
Engl., 13, 147 (1974). 

19. ^, A. Cotton has suggested tie "haoto" syste:' of 
nom.enclatura (Gr. to fasten) based on tha numher 
of atoms of the ligand attached to the metal atom. 

F. A. Cotton, J. AT-̂ er. Cherr>. Soc. , 90, 5230 (1963). 

20. G. Huttner, H. D. "luller, A. T?rank, and H. Lorentz, 
Angew. Cham., Int. Ad. Fngl., 14, 572 (1975). 

21. "*. A. Bush and P. ':̂ oodward, J. Cham, loc. A, 1221 
(1968). 

22. ?. 3. Flmes, 3. '•'. Gatehouse, and 3. O. Mast, 
J. Orgonometal. Chem., 82, 235 (1974). 

23. H. G. .̂ng and E. O. ^^est, Aust. J. Cb.am, 20, 1133 
(1967). 

24. A. 3. Foust, M. s. Foster, and A. F, Dahl, J. .̂ -jmar. 
Chem. S o c , £1, 5631, 5633 (1969). 

25. d". 3Hermann and H. Schossner, Anca'.̂ , C-̂-em̂. , 
Int. 3d. Fngl., 13, 601 (1974). 

file:///r33t


60 

26. G, Thiele, '"•. Zoubek, H. -=i. Linonar an^ J. Fllarm.ann, 
^•nr:^-^, Che-̂ u , Int. Eel. Fngl. , IJ, 13 5 (1373). 

27 . ' l i d o l l i n i and F, Ceccon i , J , Chem., .-:oc. , Gal ton ^ r a n s . , 
681 (1973) . 

28. R, Davis and J. F. Ferguson, Inorg. Chim. Acta, £, 23 
(1970). 

2 9 . L. Sacconi and S. ' l i d o l l i n i , J . Che^'. Soc. , Dal ton 
T r a n s . , 1213 (1972) . 

30. J. Chatt, F. .A. Mart and H. R. Matson, J. Cham. :̂ oc. , 
2537 (1962). 

31. 3. 0. Mest, Homoatomic Rings, Chains and '•.acro-
molacules of 'Iain Group Flements, (A. IT, ATTein-
gold, Ed.) Elsevier Scientific Pub1ishing 
Company, Mew York, 1977, Chap. 18, p. 432. 

32. H. 3. Schurink in Organic Syntheses, Collective \̂ ol. 
Ill, (A. H. Blatt, Ed.) Miley and Sons, Mew York, 
1943, p. 476. 

33. J. Ellermann, H. Schossner, A. "-'aag, and II. Schodel, 
J. Orqanometal. Chem., 65, 33 (1974). 

34. 3. J. McKerley, ::. Rheinhardt, J. L. ̂ lills, 
G. 'I. Reisner, J. O. Korp and I. Earnal, I.norg. 
Chim. /Acta, 3JL# l̂ l̂l (1978). 

35. M. Hawertson and H. R. Mats on, J. Cham. Soc, 14 9 0 
(1962). 

36. F. A. Cotton, J. A. McCleverty, and J. F. Mhite, 
Inorg. Syntheses» McGraw-Hill, N.Y., 1967, p. 121. 

37. Robert J. Angelici, Synthesis and -"achnique in 
Inorganic Cl^emistry, 1st Ed., h\ E. -aunders 
Company, 1959, pp. 12 0-121. 

38. G* "i« Reisner, J. Aernal, H. 3runner and -M ''uschiol, 
Inorg. CiLrr,^ 17^ 733 (1978). 

39, G. M. R e i s n e r , J , Ee rna l and G. A. Dobson, J . Or^V'̂ no-
mtatal. Char., , in m r e s s . 




