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between NaAs(CĤ )̂  and o-dichlorobenzene . 38 

1-17. Proposed chemical route to account for dimethyl-
phenylarsine as a product in the reaction between 
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ABSTRACT 

The reaction between sodium dimethylarsinide and o-dichloro-

benzene has' been studied and the following products identified. Di

me thy1ars ine, d ime thylpheny1ars ine, o-phenyleneb is(d ime thy1ars ine), 

5,10-dimethyl-5,10-dihydroarsananthren, trimethylarsine, and methyl-

bis(£-dimethylphenylarsine)arsine. Chemical routes to account for the 

products have been proposed. The reaction between sodium dimethyl

arsinide and cis-dichloroethylene was investigated and was found to 

yield trans-lt 2-bis(dimethylarsino)ethylene and cis-1,2-bis(dimethyl-

arsino)ethylene in a ratio of 9:1. The compound cis-1,2-bis(dimethy1-

arsino)ethylene was prepared from the reduction of bis(dimethylarsino)-

acetylene with diborane. The compound 8-diphenylphosphinoquinoline was 

prepared by the reaction between sodium diphenylphosphide and 8-chloro-

quinoline. The compound 8-diphenylarsinoquinoline was prepared by the 

reaction between sodium diphenylarsinide and 8-chloroquinoline. Both 

reactions were done in liquid ammonia. 

The compounds M(CO)̂ (jcis-edas), where M is Cr, Mo, and W, were 

prepared by the displacement of carbon monoxide from the appropriate 

metal carbonyl. The compounds Fe(das)(N0)2, Co(CO)(das)(NO), and 

NitCÔ cis-edas) were prepared from the appropriate metal carbonyl 

nitrosyl by direct displacement by the ligand. The compound NiCCO)̂ -

(cis-edas) decomposes by giving off further carbon monoxide to form 

polymeric species. The compounds fCoBr„(cis-edas)„l Br, fPdCl(cis-

edaŝ ] [CIÔ ], fCu(Cis-edas)„1 [CIÔ ], and [FeCl̂ cis-edaŝ ] [FeCl̂ ] 

x 



xi 

were also prepared. The electronic spectrum of fCoBrAcis-edas)1+ is 

similar to that of [CoBr2(das)2]* indicating that the bonding is simi

lar. The derivatives of 8-diphenylphosphinoquinoline [CrCl̂ dpqĴ EtOH], 

[CoBr2(dpq)2]2 [CoBr̂ ], and [Ni(dpq)2] [C10̂ ]2 and the nickel complex 

of 8-diphenylarsinoquinoline [Ni(C10̂ )2(dasq)2] were also prepared. 

The compound [RuNOCl(das)2J Cl2 was prepared and found to react with 

hydrazine to form the compound RuN̂ ClCdas)̂  The azido compound under

went photolysis in the presence of oxygen to form the compound 

RuCl(N02)(das)2 . The substituted derivatives of these compounds 

were prepared and it appears that the nitrosyl nitrogen remains bound 

to the metal throughout the reaction sequence. The cis-edas analogs of 

the das complexes have also been prepared. 



PART I 

DITERTIARY ARSINE COMPOUNDS 

1 



CHAPTER 1 

INTRODUCTION 

Complexes formed by tertiary arsines and phosphines, especially 

bidentate chelating ligands, are of great interest to inorganic chem

ists. The interest is generated by their ability to stabilize a wide 

variety of metals in both high and low oxidation states (1, 2) and be

cause the complexes have interesting spectral and magnetic properties 

(3-6). The ligand o-phenylenebis(dimethylarsine), das, has been especi

ally interesting and versatile. Chatt and Mann (7) first prepared das 

and characterized its palladium derivatives in 1939. Since then, numer

ous complexes of das have been prepared and investigated. Nyholm and 

his co-workers (in 3, 4, 5, 8) are especially noteworthy in this regard. 

A limitation to further progress in the area, however, was the fact 

that the synthesis of das involved four steps with an overall yield of 

20%. In 1967 Feltham and Nyholm (in 9) devised a one-step synthesis 

which gave yields of over 407.. 

The synthesis involved the attack of NaAŝ Ĥ  ̂on £-dichloro-

benzene. In view of the fact that unsubstituted aromatic halides are 

usually inert to nucleophilic attack, the reaction was regarded as 

quite unusual (10, 11, 12). The reaction has not been studied in any 

great detail. Accordingly, it has been carefully re-examined. 

2 
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The yields obtained from the reaction of NaAŝ Ĥ  ̂with o-

dichlorobenzene, cis-1,2-dichloroethylene. 1,1,l-tris(chloromethyl)-

ethane, £-chlorotoluene, and bromobenzene fall in the range of 30-707. 

(9, 13). The fact that diverse substrates give comparable yields in

dicates that the structure and reactivity of NaAŝ Ĥ  ̂determine the 

course of the reactions. 

Organoarsines show definite tendencies to polymerize. Arsino-

methane, (CĤ As)̂  (14), generally exists as a pentamer, and tetra-

methyldiarsine exists and is a very stable compound. Therefore it is 

possible that NaAŝ Ĥ  ̂may be associated in solution and that asso

ciation would affect its reactivity. The reaction of NaAsCCĤ  ̂and 

£-dichlorobenzene has been studied by carefully isolating all of the 

major products formed. The reaction is discussed in terms of the re

activity of NaAsCCHĵ . 

The presence of the aromatic ring in das complicates its spec

troscopic properties including its ultraviolet, infrared, and nmr 

spectra. It was therefore desirable to obtain a ligand with struc

tural features and chemical properties similar to those of das but with 

less complicated spectral properties. The ligand cis-1,2-bis(dimethyl-

arsino)ethylene, cis-edas. is such a ligand. The nmr spectrum is sim

pler and more informative since protons, I = k, are bound directly to 

the ethylenic carbons. The protons might be expected to couple to 

other atoms in complexes if there were pi delocalization in the chelate 

ring. In the infrared spectrum cis disubstituted olefins exhibit a 

smaller number of absorption bands than disubstituted aromatic 
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compounds (15). In the ultraviolet spectrum a carbon-carbon double 

bond shows only a weak absorption at 165 mu while benzene rings show 

three absorptions, the first occurring at 255 mu (16). The mass spec

trum is also less complex and more easily obtained because of the 

greater volatility of cis-edas and its complexes. 

It was expected that NaAŝ Ĥ  ̂would react with cis-dichloro-

ethylene to yield cis-edas; however, as in many reactions of dichloro-

ethylenes, the expected product was not obtained. Of the disubstituted 

olefin formed, trans-1,2-bis(dimethylarsino)ethylene (trans-edas) was 

the major product, 907., while even under optimum conditions the desired 

cis disubstituted olefin was the minor product, 107. (17). 

Since the reaction of cis-dichloroethylene with NaAŝ Ĥ  ̂

gives low yields of cis-edas. it has proved to be of limited value as a 

preparative route for cis-edas. Another synthetic route was needed and 

the reduction of 1,2-bis(dimethylarsino)acetylene appeared promising. 

The compound 8-hydroxyquinoline, oxine, is another chelating 

ligand of great versatility and utility (18). It was felt that the re

lated compounds with a tertiary phosphine or arsine group in the 8 posi

tion might also exhibit good chelating properties. Therefore, the 

synthesis of quinolines with tertiary phosphorous and arsenic groups in 

the £ position was investigated. 



CHAPTER 2 

EXPERIMENTAL 

Materials and Analysis 

All experiments were carried out in an efficient hood since the 

compounds are both noxious and toxic. Chemicals were obtained from J. 

T. Baker Chemical Company, Mallinckrodt Chemical Works, and M and T 

Chemicals, Inc., except for dimethylarsonic acid which was a gift from 

Ansul Chemicals, Inc. All chemicals were used as they were received 

from the manufacturer except for sodium borohydride which was recrys-

tallized from bis(2-methoxyethyl)ether, diglyme, and diglyme which was 

distilled from lithium aluminum hydride under reduced pressure. The 

compounds were analysed for C, H, N, P, and As by Huffman Laboratories, 

Uheatridge, Colorado. 

Experimental 

Dime thy1iod oars ine 

The compound was prepared using the method of Burrows and 

Turner (19) with minor modifications. A 1-1, three-necked flask was 

fitted with a mechanical stirrer and a gas inlet adapted to introduce 

both nitrogen and sulfur dioxide. The third neck was fitted with a 

pressure equalizing addition funnel and bubble trap. The flask was 

charged with 320 g of KI, 130 g of crude dimethylarsonic acid, and 400 

ml of water. A solution of 400 ml of dilute HC1, 200 ml of concen

trated HC1 and 200 ml of water, was added rapidly as SÔ  was bubbled 
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through the solution. The reaction was complete when the aqueous layer 

became transparent. The mixture was poured into a separatory funnel 

and the bottom oily layer was collected. The oil was distilled under 

reduced pressure to yield 200 g of 897. based on dimethyl-

arsonic acid; bp 80° (20 mm), lit. bp 154-157° (760 mm) (19). 

The Reaction of Sodium Dimethyl-
arsinide With o-Dichlorobenzene 

A drawing of the apparatus used in the experiment is shown in 

Figure 1-1. It is typical of the equipment used in the following re

actions. The flask was charged with 50 g of Na and 800 ml of tetra-
t 

hydrofuran, THF. Then 230 g of (CĤ ÂsI was added dropwise over the 

period of two hours with stirring and cooling provided by a Dry Ice 

ligroin bath. The reaction mixture was stirred for one hour and 80 g 

of o-CgĤ Ĉ  was added slowly with the same type of cooling. After the 

addition of 25 ml of methanol the THF was removed by distillation and 

the flask was allowed to cool. Water was added to hydrolyze the re

action mixture and the resulting oil was washed with three further por

tions of water. The following products were isolated in the work-up 

procedure. 

Dimethylarsonic Acid. The THF distillate was allowed to stand 

for one week and was evaporated to dryness. A white solid was collected 

and recrystallized from acetone to yield 5.0 g. Anal. Calcd for 

C2H?As02: C, 17.3; H, 5.1. Found: C, 17.4; H, 5.1; mp 189-191°, lit. 

mp 200° (20). 
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Figure I-l. Typical reaction vessel 



The water insoluble oil was distilled to yield dimethylphenyl 

arsine, o-phenylenebis(dimethylarsine), and 5,10-dimethyl-5,10-dihydro-

arsananthren. 

Dimethylpheny1arsine. A fraction boiling between 30 and 90° at 

0.1 mm was collected. The fraction was redistilled to yield 5.0 g of 

CgĤ CH ) As; bp 120° (100 mm), lit. 180° (760 mm) (20). The molecular 

weight was 186 by mass spectrometry, calcd 186. 

o-Phenylenebis(dimethy1arsine). The next fraction consisting 

of 55.8 g, 407. based on (CĤ ÂsI, was das; bp 97° (0.7 mm), lit. bp 

101° (1.0 mm) (9). The molecular weight by mass spectrometry was 286, 

calcd 286. 

5.10-Dimethyl-5t10-dihydroarsananthren. A high boiling frac

tion could not be distilled. The viscous liquid was dissolved in ace

tone and set aside for one year. A solid was collected which was 

recrystallized from acetone. Anal. Calcd for Ĉ Ĥ Aŝ s C, 50.7} H, 

42; As, 45.1. Found: C, 51.1; H, 4.4; As, 44.5; mp 191.5-192.0°, lit. 

191.0-192.5° (21). The molecular weight by mass spectrometry was 332, 

calcd 332. 

The preceding were the only arsenic-containing products which 

could be isolated from the reaction mixture. 

The Reaction of Sodium Dimethylarsinide 
With cis-1,2-Dichloroethylene 

A 1-1, three-necked flask equipped as in the previous experi

ment was charged with 25 g of Na and 400 ml of THF. Over a period of 

one hour 115 g of (CĤ ÂsI was added dropwise with stirring and 



cooling was provided by a Dry Ice ligroin-bath. Next 25 g of cis-1.2-

dichloroethylene was added dropwise at a rate such that the temperature 

was maintained at 40°. The THF was removed by distillation and the 

flask was allowed to cool. The reaction mixture was then hydrolyzed 

with water and the resultant water insoluble oil, still in the reaction 

flask, was washed with several further portions of water. The oil con

tained a large amount of finely suspended solid which was removed by fil

tration over diatomaceous earth. The oil is very pyrophoric and great 

caution should be used in handling it. The oil was distilled at reduced 

pressure and 20 g of edas was collected, 357. based on (CĤ ÂsI. The 

nmr spectrum showed the fraction consisted of approximately 90% trans-

and 107. cis-edas, bp 90° (20 mm), calcd for Ĉ Ĥ Aŝ : C, 30.5; H, 5.98. 

Founds C, 29.5; H, 5.98. The molecular weight by mass spectrometry was 

236, calcd 236. 

The Reaction of Sodium Dimethyl-
arsinide With 1.2-Dibromoethylene 

A 1-1, three-necked flask equipped as in the previous experiment 

was charged with 1 mole of sodium dimethylarsinide. A mixture (ca 1:1) 

of 100 g of cis- and trans-1.2-dibromoethylene was added dropwise over 

a period of 1 hr. The THF was removed by distillation and the flask 

allowed to cool. The reaction mixture was hydrolyzed with water and 

the resultant water insoluble oil was washed with several portions of 

water. The oil was distilled under reduced pressure to yield the 

following products. 
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Bis(dimethylarsino)acetylene I. A fraction of 8.8 g of 1,2-

bisdimethylarsinoacetylene was collected, 7.57. based on (CĤ ÂsI, bp 

90° (20 mm), lit. bp 84.5° (14 mm) (22). Anal. Calcd for CgHĵ As2: 

C, 30.77; H, 5.13. Founds C, 30.33; H, 5.07. 

1-Bromo-l.2-cis-bis(dimethylarsino)ethylene. A second fraction 

of 7.1 g was collected at 125° (6 mm). An iron(III) derivative of the 

compound was analyzed. Anal. Calcd for [FeCl2(HBrC2(As(CH2)2)2] CI: 

C, 18.12; H, 3.29; CI, 13.37; Br 20.83. Found: C, 18.12; H, 4.02; CI, 

13.37; Br, 18.36. 

Bis(dimethylarsino)ethylene II. A 2-1, three-necked flask was 

fitted with a gas inlet, a mechanical stirrer, and a reflux condenser 

with a bubble trap. The flask was charged with 1 mole of C2Ĥ MgBr in 

700 ml of THF. Acetylene, 14 1, measured by a Parkinson-Cowan gas 

meter, dried by passing through a cold trap (-77°) and two sulfuric acid 

traps, was added to the Grignard reagent over a period of 1 hr. During 

the addition the solution became blue-grey in color. The reaction mix

ture was refluxed for 1 hr and the solution became very gelatinous. 

Next, 1 mole of (CĤ ÂsI was added dropwise over a period of 1 hr as 

the mixture became more fluid and white in color. The THF was removed 

by distillation and the residue hydrolyzed with water. The resultant 

water-insoluble oil was washed with several portions of water and dis

tilled under reduced pressure to yield 85.0 g, 757. based on (CĤ ÂsI, 

bp 95° (25 mm), lit. bp 84.5° (14 mm) (22). Anal. Calcd for 

C2(As(CH3)2)2: C, 30.77; H, 5.13; As, 64.10. Found: C, 31.13; H, 
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5*08; As, 63.58. The molecular weight by- mass spectrometry was 234, 

calcd 234. 

Bis(dimethylarsino)acetylene Methiodide. A 3-g sample of 

C2(As(CH2)2)2 was dissolved in 30 ml of CĤ I and was allowed to stand 

for 12 hr. A lustrous white precipitate was collected and dried in 

vacuum. The compound discolored and decomposed on heating over 50°. 

Anal. Calcd for Ĉ Aŝ CĤ I: C, 22.37; H, 4.01. Found: C, 22.32; 

H, 4.10. 

cis-1.2-Bis(dimethylarsino)ethylene. A 200-ml, round-bottomed 

flask was fitted with a thermometer, a nitrogen inlet fitted with a 

dropping funnel, a reflux condenser with a bubble trap, and a magnetic 

stirring bar. It was charged with 5 g of C2(As(CH2)2)2 an<̂  1 g of 

NaBĤ  in 7 ml of diglyme. The flask was cooled to -10° using a Dry Ice 

ligroin bath and 6 g of freshly distilled BF2*(C2H,.)20 was added drop-

wise with stirring while the temperature was maintained between -10° 

and -20°. After 30 min the reaction mixture was solvalized with 10 ml 

of glacial acetic acid and stirred for 12 hr. The mixture was flooded 

with 200 ml of water and 4 g of a water-insoluble oil was collected. 

The oil, as well as ether washings of the aqueous layer, was added to a 

solution of 3 g of FeCl̂ ^̂ O in 70 ml of ether. A red complex 

rFeCl̂ Ccis-edas)̂ ! [FeCl̂ ] precipitated and was collected by filtration 

and dried in a vacuum at 100° to yield 5.0 g of complex. A 50-ml, 

round-bottomed flask was charged with 5 g of [FeĈ cis-edaŝ ] [FeCl̂ ] 

and 10 g of (CgH,.)̂ . The pressure of the system reduced to 1.0 mm and 

the flask was heated to 100° for 3 hr. The cis-edas was distilled into 

\ 
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a trap maintained at -195° and 2.0 g of cis-edas was collected, 407. 

based on bis(dimethylarsino)acetylene. The molecular weight was 236 by 

mass spectrometry, calcd 236. 

8-Diphenylphosphinoquinoline. A 500-ml, three-necked, round-

bottomed flask was equipped with a nitrogen inlet, an addition funnel, 

a Dry Ice condenser, bubble trap, and a magnetic stirring bar. The 

flask was charged with 4.6 g of Na in 250 ml of liquid NĤ . During a 

30-min period, 24.4 g of (C,H_)0P was added and the solution changed O J J 

from blue to red in color. During the period of 1 hr while 16.3 g of 

8-chloroquinoline was added with stirring, the solution became brown in 

color. The ammonia was allowed to boil off (12 hr) and the residue 

hydrolyzed with 500 ml of water. The resulting gummy solid was recrys-

tallized several times from ethanol/ethyl acetate mixtures to yield 

product, mp 193-193.5°. Anal. Calcd for C2̂ Ĥ PN: C, 80.5; H, 5.1; 

P, 9.9; N, 4.5. Found: C, 80.9; H, 5.4; P, 9.7; N, 4.3. 

8-Dipheny1arsinoquino1ine. A 500-ml, three-necked, round-

bottomed flask was equipped as above and charged with 4.6 g of Na in 

300 ml of liquid ammonia. As 30.6 g of (Ĉ Ĥ )̂ As was added to the blue 

solution, it turned red. Over a 30-min period, 9.8 g of NĤ Br was 

added to the solution to neutralize the Ĉ Ĥ Na formed. Then 16.3 g of 

8-chloroquinoline was added slowly (1 hr), and the mixture was stirred 

for another 12 hr. The liquid NĤ  was boiled off and the residue was 

hydrolyzed with water. The resulting gummy solid was recrystallized 

several times from ethanol/ethyl acetate mixtures to yield product, 
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mp 170-171°. Anal, Calcd for C H AsNj- C, 70.6; H( 4.5; As, 21.0; 

N, 3.9. Found: C, 70.6; H, 4.6} As, 20.9; N, 4.0. 

Physical Measurements 

Infrared spectra were recorded on a Perkin-Elmer Model 337 in

frared spectrophotometer. The samples were prepared as KBr pellets or 

thin liquid films on KBr plates. Nuclear magnetic resonance spectra 

were recorded on a Varian A-60 or HA-100 nuclear magnetic resonance 

spectrometer. The samples were prepared as solutions in CDCl-j using 

internal tetramethylsilane, TMS, as a reference. Mass spectra were re

corded on a Perkin-Elmer Hitachi RMU6E mass spectrometer. 



CHAPTER 3 

RESULTS AND DISCUSSION 

Infrared Spectra 

Several of the ditertiary arsines have been prepared for their 

use as chelating ligands in making transition metal complexes. The 

arsines have been characterized by nmr, infrared, and mass spectral 

techniques. An understanding of the spectra of the ligands is neces

sary to interpret the spectra of the metal complexes. The infrared 

absorption bands of some ditertiary arsines are listed in Table I-l 

and the absorption frequencies between 4000 and 500 cm * are assigned. 

The assignments are based on the work of Bennet (in 17)f Rodley (in 23), 

and Bellamy (15). 

The compounds cis- and trans-edas are easily differentiated by 

use of their infrared spectra. Bennet (in 17) has assigned the absorp

tion bands for trans-edas. The present work agrees with Bennet's ex

cept for his assignment of the band at 3000 cm * to the olefinic C-H 

stretch. Since the same band appears in the spectrum of bis(dimethyl-

arsino)acetylene, which has no olefinic hydrogen, it cannot be due to 

the olefinic C-H stretch. The band at 3000 cm * must therefore be one 

of the C-H stretching modes of the Aŝ Hj)̂  group. The olefinic C-H 

stretch was not observed in either cis- or trans-edas. 

The absorption band of most interest is the one at 970 cm * 

which is assigned to the olefinic C-H out of plane deformation, a 

14 



Table 1-1. Infrared Absorptions of Some Dltertlary Arsines. 

Compound 

C-H 
Stretch 

of 
phenyl 

C-H 
Stretch 
of 
ch3 

C=C or C=C 
Stretch or 
C=C skeletal 

vib. 

Asymmetric 
CH3 def. 

Symmetric 
CH3 def. 

cis-Edas 2990 s 

2910 s 

2820 w 

1550 w 1430 s 

1410 s 

1270 m 

1250 s 

trans-Edas 3000 s 

2920 s 

2820 m 

1550 w 1420 s 1270 w 

1250 s 

Das 3050 s 3000 s 1560 m 1450 s 1250 s 

2920 s 1480 m 1420 s 1240 s 

2820 s 

5,10-Dimethyl-5,10-
d ihydroarsananthren 

3070 m 

3050 m 

2930 m 1550 m 

1450 m 

1440 s 

1420 s 

1270 s 

2550 s 

Bis(dimethylarsino)-
acetylene 

2980 s 

2920 s 

2800 s 

1440 s 

1410 s 

1250 s 

Bis(dimethylarsino)-
acetylene methiodlde 

3000 s 

2920 s 

2820 w 

2110 s 1420 s 1290 w 

1270 m 



Table I-1.--Continued 

In plane Out of plane 
_  ̂ . C-H def. C-H def. of 
om̂  U of olefinic or olefinic or 

phenyl C-H 

cis-Edas 1190 m 

1110 m 

trans-Edas 1135 m 970 s 

Das 1150 m 

1110A m 

1080 s 

1025 s 

1015 s 

740 vs 

C-H As-C 
Rock of Stretch 

As-C 
Stretch 

of 
AS(CH3)2 of As-R As( } 

3'2 

890 vs 645 s 580A s 

840 vs 

825 m 

790 m 

910 vn 670 m 580 s 

890 vs 620 m 570 s 

845 vs 

790 w 

735 m 

930 m 690 s 580A s 

880 vs 

860 s 

840 vs 

820 s 

790 m 



Table I-1.--Continued 

In plane Out of plane _ „ AT AS-C 
C-H def. C-H def. of „ , *  ̂ Stretch 

Compound * Rock of Stretch -r of olefmxc or olefmic or . „ of 
phenyl C-H phenyl C-H As(CH3>2 of As-R As(CH ) 

3 3 

5110-Dihydro-5,10- 850 s 580 s 
dimethylarsananthren g 

Bls(dimethylarsino)- 895 vs 675 vs 560 s 

acet>rle,,e 854 vs 570 s 

790 w 

Bis(dimethylarsino)- 945 vs 710 vs 585 s 
acetylene methiodide ooc ,/c c-,n „ 1 935 vs 645 s 570 s 

920 vs 

905 s 

875 vs 

860 vs 

800 m 
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band which is characteristic of trans disubstituted olefins. The band 

appears at 970 cm * in trans-1. 2-dichloroethylene. The absorption band 

in the spectrum due to the C-H out of plane deformation in trans com

pounds is insensitive to substitutents, while the absorption band in 

the cis compounds is sensitive to substitution (15). The C-H out of 

plane deformation could not be identified in cis-edas. 

The bands at 670 and 620 cm"* are assigned as components of the 

olefinic C-As stretch. The doublet at 580 and 570 cm * is assigned to 

the C-As stretch of the AsCCĤ  ̂group. All of the compounds with a 

-AsCCĤ )̂  group had bands in their spectrum near 580 cm * (see Table 

1-1). 

The remainder of the infrared spectrum of cis-edas was very 

similar to the spectrum of the trans compound except for a few absorp

tion bands. The absorption band at 1550 cm"* in the cis isomer was 

more intense since the olefinic C-C stretch was, by symmetry, infrared 

active in the cis isomer but inactive in the trans isomer. The band at 

970 cm * was not present in the cis isomer. The olefinic C-As stretch 

appears at 645 cm"*. The C-As stretch of the -Aŝ Ĥ )̂  was a singlet 

at 580 cm"*. 

The infrared spectrum of bis(dimethylarsino)acetylene was pri

marily due to the presence of the -Aŝ Ĥ  ̂group, since symmetrically 

substituted acetylenes do not absorb in the infrared (15). The absorp

tion band at 675 cm"* was assigned to the acetylenic As-C stretch. The 

C-As stretch of the -Aŝ Ĥ  ̂group gave a doublet at 580 and 570 cm *. 
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The reaction of CĤ I with bis(dimethylarsino)acetylene forms 

the monomethiodide, [(CĤ JJAsĈ AsCCĤ )̂ "*" I". The infrared spectrum 

of the monomethiodide had a strong band at 2110 cm * which is readily 

assigned to the C*C stretch. The band is infrared inactive in symmet

rical substituted acetylenes such as bis(dimethylarsino)acetylene. The 

rest of the spectrum was similar to the parent acetylene except for the 

region between 945 and 800 cm *. A region of the spectrum which was 

very complicated had at least two different types of methyl groups in 

the compound. There were two acetylenic As-C stretches at 710 and 645 

cm"* because each arsenic had a different environment. The C-As stretch 

of the As(group gave a doublet at 585 and 570 cm *. 

The infrared spectrum of das has been thoroughly investigated 

by Rodley (in 23), but only a rough empirical assignment appears here. 

The agreement between the frequencies reported by Rodley and the present 

work is quite good except for the C-H stretching region where there are 

some minor differences. Rodley also observed some weak bands which were 

not observed in the present work. The differences may be due to the use 

of different spectrophotometers. Most of the bands in the spectrum were 

due to the AsCCĤ  ̂group and the phenyl ring (see Table I-l). A band 

at 690 cm"* can be assigned to the phenyl C-As stretch and the doublet 

at 580 cm"* was assigned to the C-As stretch of the (CĤ Âs group. 

The spectrum of 5,10-dimethyl-5,10-dihydroarsananthren was some

what different from the dimethylarsine species since it contained a 

(CHj)As group rather than a (CHĵ As group. In the region about 3000 

cm"* there were 2 bands due to the C-H stretch of the phenyl rings at 



20 

3070 and 3050 cm * and one assigned to the C-H stretch of the methyl 

group at 2930 cm *. The rest of the spectrum was similar to that of 

das down to the region of the C-H rock of the methyl groups. The peaks 

were at 850 and 840 cm * and less intense than in the dimethyl com

pounds. The C-As stretch of the AsCCĤ ) group gave a singlet at 580 

cm"*'. The region between 840 and 580 cm"*" was quite complex and no 

bands in this region could be assigned. 

The infrared spectra of all of the above compounds show certain 

similarities. The common frequencies due to the presence of the As(CH 

AsCCĤ  ̂have been identified. They were the C-H stretch, the asym

metric and symmetric deformation, the C-H rock, and the C-As stretch 

(see Table I-l). With these bands identified, the other bands in the 

spectra could be used to identify the remaining organic substrate. The 

C-As stretch of carbons in various organo groups show a trend to higher 

energy as the organo group became more unsaturated. The As-C stretch 

of As-R, where R = CĤ , is 580 cm"*", C=C is 645 cm"*", and C-C is 675 

cm"* which indicates that there was some degree of d h p Tf interac

tion between the carbon and the arsenic. As the electrons and orbitals 

became available, through unsaturation on the carbon, there was an in

teraction between the carbon p and the arsenic d orbitals. The trend 

is what would be expected and helps confirm the assignments. 

Nmr Spectra 

The nmr spectra of several tertiary arsines are shown in Fig

ures 1-2 through 1-7. The chemical shifts are summarized in Table 1-2 
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Figure 1-3. Nmr spectrum of 5,10-dimethy1-5,10-dihydroarsananthren. 



22 

lxl « 

H As(CH,)9 
>=Cs 

CCH3)2AS H 

JL JX 
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Figure 1-5, Nmr spectrum of dimethyIphenylarsine, 



Figure 1-6. Nmr spectrum of das. 
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Figure 1-7. . Nmr spectrum of bis(dimethylarsinoacetylene) methiodide. 
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Table 1-2. Nmr Chemical Shifts in ppm From Internal TMS (<f). 

Compound 
Olefinic or 
phenyl protons 

Nmr chemical 
shifts 

cis-Edas 

trans-Edas 

Bis(dimethylarsino)-
acetylene 

Bis(dimethylarsino)-
acetylene methiodide 

Das 

Dimethylphenylarsine 

5,10-Dimethyl-5,10-
dihydroarsananthren 

7.00 1H 

6.65 1H 

7.33 1H 
multiplet 

7.25 5H 
Â B̂  C multiplet 

7,25 2H 
Â B̂  multiplet 

1.05 6H 

1.05 6H 

1.25 

2.30 3H 1.43 2H 

1.20 3H 

1.10 6H 

1.70 3H 
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and given in ppm from TMS (tf). The chemical shifts of all of the 

methyl arsine protons lie within a range of 0.2 ppm. In the spectrum 

of the oil distilled from the reaction of sodium dimethylarsinide with 

cis-1.2-dichloroethvlene. there were two peaks in the region at 1.25 

and 1.05 £ of ratio 2 to 7. The peak at 1.25 could be due to bis(di-

methylarsino)acetylene (see Table 1-2). 

The vinyl region of the spectrum was very instructive in differ

entiating cis-from trans-1.2-bis(dimethylarsino)ethylene. The trans 

compound had a peak at 6.65 <f* while the cis compound had its vinyl peak 

at 7.00 d". Bennet (in 17) has reported a value of 6.83 £ for the chem

ical shift of the vinyl proton in cis-1.2(dimethylarsino)ethylene. 

However, several 100 MHz spectra of pure cis-1.2-bis(dimethylarsino)-

ethylene gave a chemical shift of 7.00 <T in CDCl̂  with tetramethylsilane 

as an internal reference. 

The monomethiodide of bis(dimethylarsino)acetylene gave two 

methyl resonances of ration 3:2 at 2.30 <f and 1.43 <f, respectively. The 

protons on the methyl group of the unquaternized arsine were only 

slightly deshielded by 0.18 ppm compared with the parent arsine, while 

the methyl protons of the quaternized arsine were deshielded 2.05 ppm. 

Mass Spectra 

Mass spectroscopy has been used extensively to investigate many 

large organic molecules. Recently it has been extended to inorganic 

and organometallic compounds. The compounds of group VA, other than 

nitrogen and phosphorus, have not been investigated to any great extent. 
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Only the mass spectra of the trlphenyl and trlmethyl derivatives of the 

elements have been reported (24, 25). 

The mass spectra of several ditertiary arsines were obtained. 

They are shown in Figures 1-8 and 1-9, and fragmentation schemes which 

account for the more abundant ions and metastable ions are shown in 

Figures 1-10 through 1-13. The schemes are very speculative but of 

value since they may be useful in interpreting the decomposition paths 

cf transition metal derivatives of the arsines. 

There are two metastable peaks in the spectrum of cis-edas. 

They appear at m/e 207.0 and 172.5 and they were assigned to fragmenta

tion processes 1 and II (see Figure 1-10). The calculated values for 

the processes were m/e 207.0 and 172.5. The main feature of the spec

trum was the loss of CĤ * from the parent followed by loss of acetylene 

to form a fragment with the composition The ion then de

composed by sequential loss of three CĤ * groups. The As-As bond forms 

only after the loss of two electrons: one by ionization and one from 

loss of a CHy group. It was only after the loss of two electrons that 

there was a vacant orbital on one of the arsenics which could be used 

to form an As-As bond with the lone pair on the other arsenic. 

The spectrum of trans-edas was identical with that of the cis 

compound, including metastable peaks. The identical compound could be 

explained by assuming that in the molecular ion, [H2C2As2(CH2)̂ j'", there 

was free rotation about the C-C bond. The free rotation could be under

stood in terms of several resonance structures in which the C-C bond 

order was reduced (Figure 1-14). 
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The mass spectrum of bis(dimethylarsino)acetylene showed the 

loss of all four CĤ * groups. After the loss of three CĤ * groups it 

appeared that a fragment was ejected and Aŝ CĤ  was formed. A 

simple Huckel calculation was done to aid in understanding why a four-

membered ring might be formed. The results are shown in Figure 1-15. 

The calculation assumed that the resonance integrals for the arsenics 

were equal to those of the carbon and that the ̂ -overlap integrals be

tween the carbon and the arsenic were small. The assumptions are poor 

but greatly simplify the calculations. From the resultant molecular 

orbital diagram it was apparent that only after three CĤ * groups were 

removed from the bis(dimethylarsino)acetylene ion could all of the 

available electrons occupy bonding orbitals. Also, only after the 

removal of four electrons from the molecule could the C-C bond multi

plicity be reduced and still leave empty orbitals on the arsenic. The 

reduction of the C-C bond multiplicity was necessary for the formation 

of a four-membered ring. 

The spectrum of das showed the loss of all four CĤ * groups 

form the parent ion and, as in edas, the (P-CĤ )+ was the most abundant 

ion in the spectrum. There was a peak at m/e 151 which could be as

signed to either Aŝ Ĥ  or Ĉ Ĥ As+. The relative abundances of the two 

ions could not be determined from the spectrum. 

The spectrum of 5,10-dimethyl-5,10-dihydroarsananthren showed 

the sequential loss of two CĤ * groups. It also appeared that there 

was a loss of Ĉ Ĥ  from (P-CĤ )* and a loss of Ĉ Ĥ  from (P-2CHj)+. 
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Figure 1-15. Results of simple Huckel calculation for a four-
membered ring with two arsenics of two carbons. 
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There was again a prominent peak at m/e 151 which was probably due to 

both AsH* and C,H. As+. 
O 4 

A mass spectrum was obtained of the crude oil formed after hy

drolysis in the reaction of NaAsCCĤ )̂  and o-dichlorobenzene. Peaks 

which could not be assigned to any of the compounds discussed above 

were observed. There was ,a peak at m/e 120 which was not present in 

the fragmentation pattern of the purified materials. The peak must 

therefore be assigned to (CĤ gAs"*". The mass spectrum of the crude oil 

also had a peak at approximately m/e 450 which could be assigned to 

methylbis(£-dimethylphenylarsine)arsine, although the compound has not 

been isolated as yet from the crude reaction mixture. 

On examination of the data a few trends became apparent. The 

compounds all exhibited hydrogen migration which required careful mass 

count to accurately determine the identity of each peak. The compounds 

had a tendency to rearrange with the formation of an arsenic-arsenic 

bond. The mode of decomposition was a major route in the decomposition 

of the ethylenic and acetylenic compounds and a minor route in the de

composition of the other compounds. The other compounds show decomposi

tion by successive loss of groups as the major route of decomposi

tion. In all of the compounds there were fragments containing only one 

arsenic atom occurring between m/e 89 and 91. The peaks were due to 

CĤ As"̂  to CĤ As+ and indicate the facility of hydrogen migration in the 

fragment ions. 
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Discussion of Reactions 

In addition to the two compounds found only in the crude oil 

from the reaction of NaAsCCĤ  ̂and o-dichlorobenzene, (CĤ Âs and 
I 

methylbis(£-dimethylphenylarsine)arsine, there were several compounds 

which were isolated. They included dimethylarsonic acid, dimethylphenyl-

arsine, £-phenylenebis(dimethylarsine), and 5,10-dimethyl-5,10-dihydro-

arsananthren. 

Scheme 1 and scheme 2 (Figure 1-16) can explain the scrambling 

of methyl groups on the arsenics. Scheme 1 postulates a dianion in so

lution which at first would seem improbable. However, the structure of 

NaAŝ Ĥ  ̂in solution is unknown. Since coordinately unsaturated ar-

sines, such as (CĤ As)̂  (14) had a tendency to polymerize, it is possi

ble that As(CH )̂2~ is an associated polymer in solution. If this spe

cies were polymerized, it would facilitate the migration of methyl 

groups from one arsenic to another. If such a migration took place, 

an anionic arsenic species containing the AsCĤ  group could be present 

in solution. 

Scheme 2 involves the cleavage of das by either Na or As(CĤ "̂ 

forming (CĤ Âs and a monomethylarsine anion. Tertiary arsines and 

phosphines are known to be cleaved by alkali metals in THP (see Experi

mental section). Both of the reaction routes were possible, but fur

ther experiments are needed to distinguish between them. 

An alternate route would involve an electron transfer reaction. 

Russell (in 26) and Kornblum (in 27) have shown that a number of re

actions which apparently involve nucleophilic attacks on aromatic 
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Figure 1-16. Proposed chemical routes for the reaction between 
NaAsCCHj)̂  and £-dichlorobenzene. 
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systems actually proceed by electron transfer. An electron transfer 

reaction cannot be ruled out for the reaction between NaAs(CĤ )̂  and 

o-dichlorobenzene. However, Feltham (in 9) and co-workers have stud

ied the reaction of NaAŝ Ĥ  ̂with aliphatic substrates and have shown 

that the yields of RAsCCĤ  ̂are independent of the nature of R. Since 

a free-radical intermediate could not be stabilized in the reaction 

with alkyl halides, it is unlikely that a radical intermediate is im

portant in any of these reactions. 

Dimethylphenylarsine was not expected as a product from the re

action since the substrate was a disubstituted benzene. There are 

three routes which could account for the production of dimethylphenyl

arsine, shown in Figure 1-17. The first route, scheme 3, would have 

£-dichlorobenzene exchange with Na, followed by protonation of the 

phenyl anion. The second route, scheme 4, would involve the attack of 

one of the arsenics in das by (CĤ Âs" with the formation of tetra-

methyldiarsine and the dimethylphenylarsine anion which is then proton-

ated by solvent. The tetramethyldiarsine would then be cleaved by the 

excess sodium which was in the reaction mixture. Scheme 5 involves a 

benzyne intermediate which reacts with (CĤ Âs" followed by protona

tion. The benzyne route is not likely, however, since Phillips and Vis 

(13) haye shown that 3-bromotoluene reacts with NaAstCĤ  ̂to yield 

only 3-methylphenyldimethylarsine. If a benzyne intermediate were im

portant 2-methylphenyldimethyl and 4-methylphenyldimethylarsine would 

have been expected as products from the reaction with 3-bromotoluene. 
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Dimethylarsonic acid was isolated from the THF distillate after 

air oxidation. The compound must have originated from (CĤ ÂsH, bp 40°, 

since other species such as [(CĤ ) As],j or [(CĤ Âŝ O which would 

produce dimethylarsonic acid would not distill with THF. 

The reaction of NaAŝ Ĥ  ̂with cis-1,2-dichloroethylene fol

lowed a similar route as outlined above with the additional complica

tion that the cis isomer of edas was not formed. Instead the trans 

isomer, trans-1.2-bis(dimethylarsino)ethylene, was the major product. 

The reaction of trans-1.2-dichloroethylene with NaAsCCĤ  ̂gave no 

ethylenic arsines as products (17). It should also be noted that the 

reaction of cis-1.2-dichloroethylene with a number of related nucleo-

philes, (C6H5)2P- (28), (Ĉ Ĥ As" (29), and (30), gave 

good yields of disubstituted products with retention of configuration. 

The compound (Ĉ Ĥ Ĵ P" (28) reacted with trans-1.2-dichloroethylene 

with retention of configuration, (Ĉ Ĥ Ĵ As" (29) gave only 107. of the 

trans product, and CĤ Ĉ Ĥ S" (30) failed to react. Both cis- and 

trans-1.2-dichloroethylene reacted with J;-Ĉ HgS~ (31) to give the cis 

disubstituted derivative. A mixture of cis- and trans-1,2-dibromo-

ethylene reacted with NaAŝ Ĥ  ̂to give bis(dimethylarsino)acetylene 

and cis-1,2-bis(dimethylarsino)-l-bromoethylene. 

At present it is not clear why trans-edas was obtained from the 

reaction of NaAŝ Ĥ  ̂and cis-dichloroethylene. A possible explanation 

is that NaAstCĤ  ̂is a strong enough base to cause the isomerization 

of disubstituted olefins, or that NaAstCĤ  ̂causes isomerization by a 

free radical mechanism. 
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There are two possible nucleophilic attacks which could lead to 

the observed products. The first calls for the isomerization of the 

dichloroethylene via proton abstraction and re-protonation or a free 

radical electron transfer, in which case trans-dichloroethylene would 

be expected to give the same products as the cis-dichloroethylene --

it does not. In the second route cis-dichloroethylene undergoes nucleo

philic attack followed by isomerization of the cis- to trans-edas. The 

compound cis-dichloroethylene is known to undergo such an isomerism in 

the presence of Ĉ Ĥ Li at low temperatures (32). An experiment was 

done to determine whether NaAsCCĤ  ̂would isomerize cis-edas. A solu

tion of NaAsCCĤ )̂  in THF, approximately the same concentration as was 

used in the reaction, was prepared in an nmr tube and cis-edas. pre

pared by another route, was added. No isomerization was observed. 

Therefore it was concluded that the scheme is incorrect. 

Acetylenic compounds are among the products identified in the 

reactions of NaAŝ Ĥ  ̂with dihaloethylenes. It appeared that only 

cis-dichloroethylene reacts with NaAŝ Ĥ #̂ Since dehydrohalogenation 

is known to be a trans process, the facts could be explained by forma

tion of acetylenic intermediates from cis-dichloroethylene which cannot 

be formed from the trans compound. Bennet (in 17) has advanced such a 

mechanism for the formation of the observed products, scheme 6, shown in 

Figure 1-18. The second step in which NaAŝ Ĥ  ̂displaces hydride in

stead of chloride is unprecedented. Since chloride is such a good leav

ing group, it seems more likely that the NaAŝ Ĥ  ̂would displace the 

chloride to give (dimethylarsino)acetylene. 
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Scheme 7 shown in Figure 1-18, while similar, would eliminate 

the objection by having the first (CĤ Âs" group attack nucleophilicly 

and then have the reaction proceed via an acetylenic intermediate. 

Scheme 8 shown in Figure 1-18 depends upon the presence of 

tetramethyldiarsine or some other polymeric arsine species in solution. 

Since the structure of NaAsCCĤ  ̂in solution is unknown, it is possible 

that some polymeric species could be present. The stereochemistry of 

the final product in all three schemes depends upon the mode of attack 

of (CĤ Ĵ As" on the final acetylenic intermediate. In all three of the 

schemes it is likely that the (CĤ Âs" would add to give predominantly 

the trans product. None of the schemes has been proven or disproven 

and all of them have certain objections. Further experiments are nec

essary to determine the true mechanism for the reaction. 

The reaction of NaAŝ Ĥ  ̂with a mixture of cis- and trans -

1,2-dibromoethylene gave even more unexpected products than the reaction 

with dichloroethylenes. The products isolated are bis(dimethylarsino)-

acetylene and 1-bromo-cis-l,2-bis(dimethylarsino)ethylene. 

Since cis-edas could not be made in good yield from the reaction 

of NaAsCCĤ  ̂with dichloroethylene, it was desirable to seek an alter

nate synthetic route. The compound bis(dimethylarsino)acetylene was 

readily prepared in high yields from bis(bromomagnesium)acetylide and 

(CĤ ÂsI. The compound can then be reduced with diborane forming cis-

edas in yields of 40-607.. The reduction is very sensitive to a number 

of factors. The diglyme used as a solvent must be very dry, the 

2̂**5̂ 2̂  must a*so be dry, and the NaBĤ  must be recrystallized 



from diglyme or the reaction fails. The reaction also fails if more 

than 10 g of bis(dimethylarsino)acetylene is used. The impure oil from 

the hydroboration was contaminated with the starting acetylene. The 

cis-edas can be isolated by the formation of an insoluble iron complex 

*of cis-edas, fFeCl̂ (cis-edas)„1 [FeCl̂ ]. The compound cis-edas was 

very oxygen-sensitive so it was best stored as the red iron complex 

which was air stable. The edas may then be liberated as needed by a 

ligand displacement reaction. The iron complex was heated under vacuum 

in (Ĉ Ĥ P̂ which serves as the solvent and the displacing ligand. The 

cis-edas was collected in a liquid nitrogen trap in high yield and was 

best used immediately. Other methods of reduction were tried but 

failed. Catalytic reductions failed for two reasons. First, since 

arsenic is a catalyst poison, mild catalysts failed to reduce the acet

ylene. Catalysts strong enough to reduce the triple bond, such as 

Raney nickel, also destroyed the compound. A diimide reduction was 

also attempted but failed to give any of the desired product. 

The compounds 8-diphenylphosphinoquinoline and 8-diphenyl-

arsinoquinoline have been prepared by cleaving and (CgĤ Âs 

with Li in THF or with Na in liquid NĤ  followed by the addition of 

8-chloroquinoline. However, Na cleavage in liquid NĤ  was preferable. 
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CHAPTER 4 

INTRODUCTION 

Tertiary arsine ligands stabilize metals in both high and low 

oxidation states (1). The ligand o-phenylenebis(dimethylarsine), das, 

is especially versatile in this respect (8). Examples of stable das 

complexes are the well-characterized d̂  complexes of cobalt(III) (33) 

and molybdenum(O) (34). In order to determine the effect that the 

structure of the chelating arsines has upon their reactivity and their 

complexes, cis-1.2-bis(dimethylarsino)ethylene. cis-edas, and its de

rivatives were prepared. 

Group VI carbonyls react with das displacing two and four 

carbon monoxide groups (34). The infrared spectra of the das substi

tuted compounds of the Group VI carbonyls have been well characterized 

(34). By comparing the infrared spectra of the Group VI carbonyls of 

cis-edas with the well-characterized das complexes, the effect of the 

change of structures of the ligand could be determined. Since the cis-

edas complexes of the Group VI carbonyls would also be quite volatile, 

they would be well suited for mass, spectral studies. 

One of the theories used to account for the stabilization of 

das complexes is that of d JT d Jf back bonding between the ligand and 

the metal (4); that is, the metal transfers excess negative charge from 

its filled d orbitals to the empty d orbitals of the arsenic by the 

formation of a FTbond. Pi bonding has been used to explain the 
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stabilities of many complexes of tertiary arsines (1). In complexes of 

das it has been stated that the five-membered ring formed by the metal, 

the two arsenics, and the two carbons of the phenyl ring enhance the 

ability to form if bonds by derealization of electron density through 
the entire chelate ring (4). The ligand cis-edas is structurally very 

similar to das. The major difference between the two is that cis-edas 

has a double bond between the carbons, while the carbons of das are 

part of an aryl group. If there were JT bonding between the metal and 

the ligand, the electronic spectra of cis-edas complexes might be dif

ferent than that of similar das complexes. The difference would be be

cause the double bond in cis-edas would be more active in derealiza

tion in the chelate ring than the aryl group of das. Consequently, 

some d̂  complexes of cis-edas which have we 11-investigated das analogs 

were prepared in order to discover if there were differences in the 

electronic spectra. 

There are many well characterized complexes of the mixed 

oxygen-nitrogen ligand 8-hydroxyquinoline (18) and the related biden-

tate nitrogen ligand 8-aminoquinoline (35). The compounds 8-diphenyl-

phosphinoquinoline, dpq, and 8-diphenylarsinoquinoline, dasq, were 

prepared to determine if the mixed phosphorus-nitrogen and arsenic-

nittogen ligands would also form interesting complexes. 

It was desired to perform reactions on coordinated nitrosyl 

groups. Since the nitrosyl group of RuNOCl̂  is noted for its great 

stability (36), it appeared an excellent group upon which to perform 

reactions. Therefore some complexes of this nitrosyl were prepared 

and their reactions were examined. 



CHAPTER 5 

EXPERIMENTAL 

Materials and Analysis 

Ruthenium and rutheniumtrichloridenitrosyl were obtained from 

Englehard Industries, Inc. Metal carbonyls were obtained from Alfa 

Inorganics, Inc., except for nickel tetracarbonyl which was obtained 

from the Matheson Company, Inc. Metal perchlorates were obtained from 

the G. Fredrick Smith Chemical Company. Nitrogen-15 substituted nitric 

oxide was obtained from Bio-Rad Laboratories. Solvents and other com

mon reagents were obtained from Baker Chemical Company and Mallinckrodt 

Chemical Works. All chemicals were reagent grade and used without pur

ification. The compounds were analyzed for C, H, N, and halogen by 

Huffman Laboratories, Wheatridge, Colorado. The analyses are shown in 

Table II-l along with melting points, molecular weights, and other 

physical data. 

Experimental 

Tetracarbonylfcis-l.2-bis(dimethyl-
arsino)ethylene Imolybdenum(O) 

A 250-ml Schlenk tube was charged with 0.6 g of Mo(CO)̂  in 25 

ml of THF and 1.0 g of cis-edas was added. The solution was heated to 

64° and refluxed for 24 hr. After cooling, 200 ml of water was added 

and a white precipitate formed. The precipitate was collected by fil

tration, sublimed at 90° and 0.1 mm, and recrystallized from hexane. 
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Table II-1. Elemental Analyses and Physical Data. 

A n a l y s i s  R e q u i r e d ,  F o u n d  

C H N X M. P. Molecular weight 

[Fe(edas)2Cl2] [FeCl4] 18.1, 18.1 3.5, 4.1 26.7, 25.7 

[Cu(edas)2] [C104] 22.7, 22.7 4.4, 4.4 5.6, 6.0 

trans-TCô daŝ Br̂ l Br 18.7 18.4 3.6, 3.8 

[Pd(edas)2Cl] [C104] 20.2, 22.2 4.0, 4.4 9.9, 9.6 

Mo(C0)4(edas) 27.0, 

H
 

•
 

C
M
 

3.2, 3.3 117-118° 446% 446 

Cr(C0)4(edas) 30.1, 30.5 3.5, 3.8 119-121° 400a, 400 

W(CO)4(edas) 22.8, 22.8 2.6, 2.7 136-138° 532a, 532 

Mo(CO).(das) 34.1, 34.4 3.2, 3.4 152-154° 496a, 496 
lit. 158° (34) 

Co(CO)(das)(NO) 33.0, 32.9 4.0, 3.3 3.4, 3.3 140-142° 403a, 403 

Fe(das)(NO)2 29.8, 28.6 4.0, 4.6 7.0, 6.5 160-162° 40la, 401 

Ni(CO)2(edas) 350a, 350 

[Ru(NO)Cl(das)2] Cl2 30.1, 30.1 4.3, 4.4 1.7, 1.7 12.6, 12.2 

[Ru(NO)Cl(edas)2] Cl2 20.3, 20.3 4.0, 4.2 2.0, 1.6 



Table II-1.—Continued 

Compound 
A n a  1 y s is Re q u i r e d ,  F o u n d  

Compound 
C H N X M.P. Molecular weight 

RuClN3(das)2 32.0, 21.1 4.1, 4.5 5.6, 5.8 4.7, 5.1 750(±75)b, 750 

RuClN̂ (cis-edas)„ 22.1, 21.8 4.3, 4.2 6.4, 6.2 5.7, 5.5 

RuCl(NO) 31.8, 32.6 4.3, 4.5 • 

C
M
 

•% •
 

[Ni(dpq)2] [C104]2 57.0, 56.3 3.7, 4.2 8.0, 7.8 

[CoBr2(dpq)2]2 [CoBr4] 48.7, 48.0 3.1, 3.6 30.8, 30.6 

CrtdpqCl̂ 'EtOH 53.8, 53.3 4.2, 4.3 

Ni(C104)2(dasq)2 51.9, 55.1 3.3, 3.7 7.3, 7.1 
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The white crystals were dried in vacuum to yield 1.1 g of complex. The 

solid complex was stable to air and was soluble in most organic sol

vents including hexane and ethers. Howevery in solution it was oxygen 

sensitive. 

Tetracarbonylfcis-l.2-bis(dimethyl-
arsino)ethylene lchromium(O) 

a 250-ml Schlenk tube was charged with 0.7 g of Cr(CO)̂  in 25 

ml of diglyme and 10 ml of THF and 1.2 g of cis-edas. The solution was 

heated to 130° and refluxed for 24 hr. To the yellow solution 200 ml of 

water was added and a pale yellow precipitate formed. The precipitate 

was collected by filtration, sublimed at 100° and 0.1 mm, and recrys-

tallized twice from hexane. The yellow crystals were dried in vacuum 

to yield 0.3 g of a yellow crystalline complex. The complex had prop

erties similar to its molybdenum analog. 

Tetracarbonylfcis-l.2-bis(dimethyl-
arsino)ethvleneTtungsten(O) 

A 250-ml Schlenk tube was charged with 0.2 g of W(C0)̂  in 40 ml 

of diglyme and 10 ml of THF, and 0.2 g of cis-edas was added. The solu

tion was heated to 150° and refluxed for 48 hr. After cooling, 150 ml 

of water was added and a white precipitate formed. The precipitate was 

collected by filtration, sublimed at 110° and 0.1 mm, recrystallized 

from hexane, and resublimed. The white crystalline material was dried 

in vacuum to yield 0.075 g of complex. The complex had the same prop

erties as its chromium and molybdenum analogs. 
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Tetracarbonylf o-phenylenebis-
(dimethylarsineT Imolybdenum(O) 

A 250-ml Schlenk tube was charged with 1.0 g of Mo(CO)̂  in 40 

ml of diglyme and 10 ml of THF, and 2.4 g of das was added. The solu

tion was heated to 125° and refluxed for 24 hr. After cooling, 200 ml 

of water was added and a white precipitate formed. The precipitate was 

collected by filtration, sublimed at 130° and 0.1 mm, and recrystallized 

from hexane. The white crystals were dried under vacuum to yield 1.3 g 

of complex. The compound was soluble in most organic solvents includ

ing hexane and ethers and was stable to air. However, it was oxygen-

sensitive in solution. 

Dinitrosviro-phenvlenebis-
(dime thylarsine)Jiron(O) 

A 250-ml Schlenk tube was charged with 0.2 g of FeCCÔ NÔ t 

prepared by the method of King (37), 0.3 g of das, and 50 ml of THF. 

The solution was stirred for 4 hr and heated to 60° for 12 hr. After 

cooling, 150 ml of water was added and a dark precipitate formed. The 

precipitate was collected by filtration and was sublimed at 160° and 

0.4 mm to yield 0.035 g of black crystals. The complex was soluble in 

ethers but decomposed in hexane. The complex was oxidized slowly upon 

exposure to air. 

Carbonvlnitrosyiro-phenylenebis-
(dimethylarsine)Jcobalt(O) 

A 250-ml Schlenk tube was charged with 0.35 g of Cô Ô NO), 

prepared by the method of Gilmont (in 38), 0.55 g of das, and 50 ml of 

THF. The solution was stirred for 4 hr and then heated to 60° for 12 



hr. After cooling, 150 ml of water was added and a dark precipitate 

formed. The precipitate was collected by filtration and was sublimed 

at 120° and 0,4 mm to yield 0.35 g of red crystals which were dried in 

vacuum. The red complex was soluble in most organic solvents including 

ethers but decomposed in hexane. The complex was oxidized slowly on 

exposure to air. 

Dicarbonyir cis-1.2-bis(dimethyl-
arsino)ethylene nickel(0) 

A 75-ml Schlenk tube was purged with nitrogen and charged with 

0.2 g of Ni(CO)̂  and 0.1 g of cis-edas in 10 ml of pentane. The tem

perature was maintained at 0° by use of an ice-water bath, and the so

lution was stirred for 8 hr. The solvent was removed by distillation 

under vacuum with the temperature maintained at 0°. A white-brown, 

oily solid formed which was oxygen-sensitive and which decomposed on 

standing. It was best stored at low temperatures. The complex was 

soluble in organic solvents such as pentane and ethers. 

Dichlorobisfcis-l.2-bis(dimethvl-
arsino)ethylene'Jiron( 111) Tetra-
chloroferrate(III) 

A 50-ml flask was charged with 1 g of FeCl̂ *6̂ 0 in 10 ml of 

ethanol and 1 g of a mixture of cis- and trans-edas was added. A 

bright crimson precipitate formed immediately and was separated by 

filtration. Recrystallization of the precipitate from ethanol yielded 

0.12 g of complex which was dried at 100° in vacuum. The complex was 

soluble in ethanol and was sparingly soluble in ether. 
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Bisfcis-1.2-bis(dimethylarsino)-
ethylene]copper(I) Perchlorate 

A 50-ml flask was charged with 0.1 g of Ct̂ ClÔ '̂GĤ O in 10 ml 

of methanol and 0.2 g of a mixture of cis- and trans-edas was added 

dropwise. A white precipitate formed immediately and was isolated by 

filtration yielding 0.05 g of a white complex which was dried in vacuum. 

The complex was insoluble in all common solvents except dimethyl sulf

oxide in which it decomposed. 

Chlorobisfcis-l,2-bis(dimethylarsino)-
ethyleneJpalladium(II) Perchlorate 

A 250-ml flask was charged with 1.55 g of K̂ PdCl̂  in 16 ml of 

water, and 2.25 g of a mixture of cis- and trans-edas in 30 ml of eth-

anol was added. After filtering, 110 ml of water was added, the solu

tion was heated to boiling, and 707. HCIÔ  was added dropwise to yield a 

brown powder. The brown powder was recrystallized from 2:1 acetone-

water and dried in vacuum. The complex was soluble in acetone and di

methyl sulfoxide. 

trans-Dibromobis f c is-1,2-b is(d imethy1-
arsino)ethylene]cobalt(III) Bromide 

A 125-ml flask was charged with 0.2 g of CoBr̂  and 0.2 g of 

cis-edas in 50 ml of ethanol. The solution turned green instantly. 

After boiling, the volume of the solvent was reduced, and a green pre

cipitate was collected by filtration. The precipitate was recrystal

lized from methanol and was dried at 60° in vacuum to yield 0.2 g of a 
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green crystalline complex. The complex was air stable, soluble in al

cohols, and slightly soluble in chloroform. 

Bis(8-diphenvlphosphinoquino-
line)nickel(II) Diperchlorate 

A 50-ml flask was charged with 0.083 g of dpq and 0.10 g of 

Ni(C10̂ )2*611̂ 0 in 20 ml of ethyl acetate. An orange precipitate formed 

immediately, and, after boiling the solution for 30 min, was collected 

by filtration. The precipitate was recrystallized from 1:1 Cf̂ Ĉ -CHCl̂  

to yield 0.086 g of an orange complex which was dried at 100° in vacuum. 

The compound was soluble in alcohols and chlorinated hydrocarbons. 

Bis[dibromobis(8-diphenylphos-
phinoquinoline)cobalt(111) I 
Tetrabromocobaltate(II) 

A 125-ml flask was charged with 0.7 g of CoBr̂ , 1.0 g of dpq, 

and 75 ml of ethanol. The flask was heated to boiling and refluxed for 

12 hr. A brown precipitate which formed immediately dissolved, the so

lution changed from brown to green in color as it was refluxed, and the 

Co(ll) changed to Co(lll). The solution was reduced to a volume of 25 

ml by boiling and was allowed to cool. Green needle-shaped crystals 

formed which were collected by filtration and dried at 100° in vacuum 

to yield 0.85 g of complex. The complex was soluble in alcohols and 

chlorinated hydrocarbons. 

Trichloro(8-diphenylphosphino-
quinoline)chromium(III) Ethanol 

A 250-ml Schlenk tube was charged with 0.3 g of CrCl̂ * xĤ O in 

100 ml of ethyl acetate and 2 ml of ethanol, and 1.0 g of dpq was added. 



The solution was refluxed for 12 hr and was reduced in volume by boil

ing to 20 ml* After cooling, a blue-green material was collected by 

filtration. The material was recrystallized from CHCl̂  to yield a 

blue powder which was dried at 100° in vacuum. The blue complex was 

soluble in alcohols and chlorinated hydrocarbons. 

B is(8-d iphenylars inoquinoline)-
nickel(II) Diperchlorate 

A 125-ml flask was charged with 0.2 g of NiCClÔ )2* 6̂ 0, 0.4 g 

of dasq, and 50 ml of ethyl acetate. A green precipitate formed immed

iately and, after boiling for 30 min, was collected by filtration. The 

material was recrystallized from 1:1 CĤ CL̂ -CHCl̂  to yield a green 

crystalline complex. The complex was dried at 100° in vacuum. The 

complex was soluble in alcohols and chlorinated hydrocarbons. The com

pound had a magnetic moment of 3.3 Bohr magnetons. 

Chloronitrosylbisro-phenylenebisCdi-

methylarsine)]ruthenium Dichloride 

A 125-ml flask was charged with 0.5 g of RuNOCl̂ , 1.2 g of das, 

and 50 ml of methanol. The solution was refluxed for 4 hr, during 

which time the color of the solution changed from purple to orange. 

The volume of the solution was reduced to 10 ml by boiling and was al

lowed to cool. A yellow solid precipitated and was collected by fil

tration. The yellow precipitate was recrystallized from ethanol and 

dried at 100° in vacuum to yield yellow crystals. The complex was 

soluble in alcohols. 
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Azidochlorobis[o-phenylenebis-
(dimethylarsine) ruthenium(II) 

A 75-ml Schlenk tube was charged with 0.1 g of [RuNOCltdas)̂ ] 

Cl2, in 5 ml of methanol, and 1 ml of anhydrous hydrazine was added 

dropwise. The solution first turned brown and then a yellow solid pre

cipitated. The volume of the solution was reduced to 2 ml by distilla

tion under vacuum and the solid was collected by filtration. The solid 

was washed with 2 ml of acetone and a yellow compound was collected. 

The compound was dried at 100° in vacuum to yield 0.065 g of a yellow 

complex. The complex was soluble in chlorinated hydrocarbons and a 

nonconductor in CĤ Cl̂  and CHCl̂ . 

Chloronitrosvlbisfcis-l.2-bis-
(dimethylarsino)ethylene 
ruthenium Dichloride 

A 125-ml flask was charged with 0.15 g of RuNOCl̂ , 0.4 g of 

cis-edas. and 50 ml of methanol. The solution was refluxed for 4 hr, 

during which time it changed from purple to orange in color. The vol

ume of the solution was reduced to 10 ml by boiling, and diethyl ether 

was added to precipitate a yellow solid. The solid was washed with 

Cf̂ Clj, and recrystallized from ethanol to yield 0.2 g of a yellow crys

talline complex which was dried at 100° in vacuum. The complex was 

soluble in alcohols. 

Azidochlorobisfcis-l.2-bis(dimethy1-

ars ino)e thylene]ru then ium(II) 

A 75-ml Schlenk tube was charged with 0.1 g of fRuNOClCcis-edas),,] 

Cl̂  in 5 ml of methanol, and 1 ml of anhydrous hydrazine was added 
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dropwise. The solution became brown instantly, and after being stirred 

for 30 min it turned yellow. After an additional 30 min, the volume of 

the solution was reduced to 2 ml by distillation under vacuum, and a 

yellow solid precipitated. The precipitate was collected by filtration 

and was dried at 100° in vacuum to yield 0.03 g of a yellow complex. 

The complex was soluble in chlorinated hydrocarbons, alcohols, and 

acetone. 

Chloronitrobisffl-phenylenebis-
(d ime thy1ars ine)J ru thenium(117 

A 10-ml quartz vessel was charged with 0.03 g of [RuNjClCdaŝ ] 

in 5 ml of CHCl̂  and was placed 6 inches from a fluorescent light. It 

was removed after 6 hr and the solvent stripped to yield a yellow com

pound. The compound had the same solubility properties as the azido 

compound. 

Chloronitrosyl(*"*N)bis[o-phenylene-

bis(dimethylarsine) ruthenium 
Dichloride 

A 125-ml flask was charged with 0.2 g of ruthenium metal in 50 

ml of 57. NaClO. The solution was stirred for 12 hr and then was cooled 

to 0° in an ice-water bath. The cold solution was added to an ice-cold 

solution of 10 ml of ethanol and 10 ml of concentrated HCl. The volume 

of solution was reduced by boiling and, after cooling, some precipitated 

NaCl was collected by filtration. The process was repeated twice more 

and the remaining solvent was removed under vacuum. The solid residue 

was dissolved in 20 ml of water and 1 ml of concentrated HCl and was 

15 
stirred under 1 atmosphere of NO for 12 hr. The solvent was stripped 
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under reduced pressure and one-half of the residue, 0.6 g, was reacted 

with 0.4 g of das in methanol. Methylene chloride was added and the 

remaining NaCl precipitated and was collected by filtration. Diethyl 

ether was added to the filtrate to precipitate [Rû NOCl(das)Cl̂ , and 

0.057 g was collected by filtration and was dried at 100° in vacuum. 

15 
That the compound was indeed N substituted was demonstrated by the 

-1 14 
infrared spectrum which showed no band at 1883 cm , N-0 stretch, and 

-1 15 showed a new band at 1851 cm . The calculated value for the N-0 

stretch in the compound was 1851 cm"*. 

Az id o (*""*N ) ch 1 or ob i s [(j-pheny 1 ene -

bis(dimethylarsine)Jruthenium( II) 

A 0.050-g sample of [Rû NOCKdaŝ ] was reacted with anhy

drous hydrazine in methanol as described above, and 0.035 g of yellow 

15 14 
complex was collected. The reaction produced exclusively Ru N N̂ Cl-

(das)̂ , as was demonstrated by the absence of the band in the infrared 

spectrum at 2038 cm *, the asymmetric N-N-N stretch, and the presence 

-1 15 14 14 
of a new band at 2026 cm . The calculated value for the N- N- N 

asymmetric stretch was 2026 cm Decomposition of the compound with 

aqueous cerric sulphate liberated nitrogen which was shown by mass 

spectroscopy to contain appreciable amounts of N̂-̂ N. 

Physical Measurements 

Infrared spectra were recorded on Perkin-Elmer Model 337 and 

Beckman IR-12 infrared spectrophotometers. The samples were prepared 

as KBr pellets. Nuclear magnetic resonance spectra were recorded on 



a Varian A-60 or HA-100 nuclear magnetic resonance spectrometer. The 

samples were prepared as solutions in CDCl̂  or perdeutero dimethyl 

sulfoxide using internal tetramethylsilane as a reference. Mass spec

tra were recorded on a Perkin-Elmer Hitachi RMU6E mass spectrometer. 

Visible and ultraviolet spectra were obtained on a Cary 14 spectro

photometer as solutions in appropriate solvents. The conductivity 

measurements were carried out as described previously (39). The molec

ular weights were obtained using a vapor pressure osmometer in chloro

form. Bulk susceptibilities were determined by the Faraday Method. 



CHAPTER 6 

RESULTS AND DISCUSSION 

Complexes of cis-Edas With 
Zero Valent Metals 

A considerable number of amine, arsine, and phosphine ligands 

are known to displace carbon monoxide from group VI metal carbonyls. A 

few of these compounds are listed in Table II-2. The reaction of cis-

edas with group VI metal carbonyl took place at temperatures between 60 

and 150° to form the compounds M(CO)̂ (cis-edas) where M is Cr, Mo, and 

W. The reactions were carried out in mixtures of diglyme and THF. The 

THF was present to prevent the loss of metal carbonyl by sublimation. 

The compounds obtained from these reactions were white or pale yellow 

solids melting between 117 and 138°. They were soluble in a number of 

organic solvents and stable to air in the solid form; however, they 

oxidized in solution. Attempts were made to prepare the dicarbonyl 

compounds M(CO)̂ (cis-edasK. Unfortunately, the higher temperatures 

required for the reactions resulted only in brown tar which was not 

further characterized. 

Nyholm (in 34) prepared the compounds M(C0)̂ (das) and 

M̂ Ô Cdaŝ , where M is Cr, Mo, and W, by the reaction between the 

ligand and the appropriate metal carbonyl in sealed tubes at tempera

tures between 150 and 240°. The sealed-tube reactions were necessary 

to prevent the loss of the metal carbonyl by sublimation. The 
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Table II-2. Previously Reported Substituted Derivatives of Group VI 
Carbonyls (Obtained by Direct Displacement). 

Complex Metal 

M(CO)_ Cr J 

Mo 

W 

M(CO)4X2 Cr 

Mo 

W 

M(CO)3X3 Cr 

Mo 

W 

M(CO)4X2 Cr 

Mo 

W 

p(C6H5)3, As(C6H5)3, S6(C6H5)3P(CH2.CH2.CN)3 

(40) CNR (41) 

P(C6H5)3 (40) CNR (41) 

P(C6H5)3 (40) CNR (41) 

CJHJN, o-phenanthroline (42) P(CgĤ )3 (43), 

das (34) 

C5H5N, o-phenanthroline (42) P(C6H5)3(43), 

das (34) 

CjĤ N, o-phenanthroline, bipyridyl (40) 

P(C6H5)3 (43), das (34) 

RNC, NH3, H20 (44) 

C5H5N, o-phenanthroline + Ĉ N (44), P(C6H5)3, 

As(C6H5)3 Sb(C6H5)3, Halides (45) 

C5H5N, o-phenanthroline + C H N (44) 

das (34) 

das (34) 

das (34) 
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compounds M(CO)̂ (das) were white or pale'yellow crystals melting be

tween 158 and 186°. They were soluble in a number of organic solvents 

and decomposed slowly in the air. The compounds MtCÔ tdaŝ  were 

yellow solids which melted between 200 and 237°. They were soluble in 

a number of organic solvents, but they were less soluble than the mono-

das substituted derivatives and were more oxygen-sensitive. 

The carbonyl stretching frequencies of the das and cis-edas 

substituted group VI metal carbonyls along with some other relevant 

carbonyls are listed in Table II-3. It is apparent from the table that 

the frequencies of the chromium compounds are generally lower than 

those of comparable molybdenum or tungsten compounds. Complexes of 

cis-edas generally have lower frequencies than those of their das ana

logs. In the infrared spectrum of Cr(C0)̂ (das) only three bands were 

observed in the carbonyl region. In the spectrum of its cis-edas ana

log the band which appears at 1922 cm * in the das compound was split 

into a doublet at 1925 and 1900 cm 

The nmr spectra of the cis-edas derivatives of the group VI 

carbonyls were recorded in CDCl̂  with internal TMS as a reference. The 

spectra are shown in Figures II-l through II-3. The chemical shifts 

are summarized in Table II-4 and are given in ppm from internal TMS. 

All of the protons were deshielded and shifted downfield between 0.2 

and 0.5 ppm relative to the free ligand. However, there was no obvi

ous correlation between the shifts and other physical parameters. No' 

splitting of the peaks could be observed. 
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Table 11-3. Infrared Spectral Data of Substituted Group VI Carbonyls. 

CO stretching frequencies 
in cm""* 

Cr(CO)4(ffos)a (46) 2015, 1937, 1916, 1907 

Cr(CO)4[o-C6H4(P(C2H5)2)2] (47) 2001, 1906, 1864 

Cr(CO)4(das) (34) 2012, 1922, 1898 

Cr(CO)̂ (cis-edas) 2010, 1935, 1900, 1880 

Cr(CO)2(das)2 (34) 1845, 1771 

Mo(CO)4(ffos)a (46) 2030, 1944, 1927, 1918 

Mo(co)4[„-C6H4(P(C2H5)2)2] (47) 2014, 1912, 1696 

Mo(CO),(££ars)b (46) 2025, 1937, 1096 

Mo(C0)4(das) (34) 2026, 1938, 1923, 1914 

Mo(CO)̂ (cis-edas) 2020, 1905, 1890, 1870 

Mo(CO)2(das)2 (34) 1859, 1786 

W(CO)4(das) (34) 2066, 1923, 1905, 1885 

W(CO)̂ (cis-edas) 2009, 1903, 1873, 1852 

W(CO)2(das) (34) 1850, 1774 

a. ffos = 1,2-bis(diphenylphosphino)tetrafluorocyclobutene. 

b. ffars = 1,2-bis(dimethylarsino)tetrafluorocyclobutene. 
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Table II-4. Nmr Chemical Shifts in ppm From Internal TMS (<f). 

Compound Solvent Methyl protons Olefinic protons 

Cr(CO)̂ (cis-edas) CDCI3 1.5 (6H) 7.4 (1H) 

Mo(CO)̂ (cis-edas) CDCI3 1.5 (6H) 7.5 (1H) 

W(CO)̂ (cis-edas) CDCI3 1.6 (6H) 7.2 (1H) 

f CoBr̂ (cis-edas)Br CD3(SO)CD3 1.6 (6H) 7.4 (1H) 
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Mass spectroscopy has been used extensively to investigate 

large organic molecules. Recently mass spectroscopy has been extended 

to inorganic and organometallic compounds (48). Some metal carbonyl-

phosphine complexes have been investigated (48), but until now no com

plexes containing chelating arsines have been studied by mass 

spectroscopy. In order to better characterize the group VI derivatives 

of cis-edas, the mass spectra of the compounds M(CO)̂ (cis-edas) where 

M is Cr, Mo, and W were obtained. The spectra are shown in Figures 

II-5 and II-6. 

In the mass spectrum of Cr(CO)̂ (cis-edas) there was a strong 

peak due to the molecular ion. There were also ions due to the step

wise loss of all four carbonyl groups. The fragment due to loss of one 

carbonyl was not very abundant, while the ions due to loss of the other 

carbonyls were very abundant. There were also peaks in the spectrum du 

to Cr(CO)x[(CH2)2As2C2H2]+ where x = 1 to 4. The fragments were not 

surprising in view of the fact that in the mass spectrum of the free 

ligand the peak due to loss of CĤ  from the parent was stronger than 

the parent itself. There were also many ions containing the metal with 

fragmented cis-edas attached. 

The mass spectrum of Mo(CO)̂ (cis-edas) was similar to that of 

the 'chromium compound. There was a strong parent peak and strong peaks 

due to the sequential loss of all four carbonyls. There were also ions 

of the form Mo(CO)x[(CH<J)JAs2C2H2]+ where x = 1 to 3. There were also 

many ions containing metal with fragmented cis-edas attached and some 

peaks due to metal with carbonyl and fragmented cis-edas attached. 
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The mass spectrum of the tungsten" compound was similar to those 

of its chromium and molybdenum analogs. There was a large peak in the 

spectrum due to the parent ion and large peaks corresponding to sequen

tial loss of four carbonyls. There were again ions of the form 

W(CO)x[(CH2)2AS2C2H2]"*" where x = 1 to 4. Also, there were fragments 

containing the metal with fragmented cis-edas attached. 

The compound Mo(CO)̂ (das) was prepared in the same manner as the 

cis-edas complex to determine if that method was suitable for the prepa

ration of das complexes. The complex was isolated in good yield, 657.. 

A mass spectrum of the material was obtained and is shown in Figure 

II-6. The mass spectrum of Mo(CO)̂ (das) was recorded at higher inlet 

temperatures since the compound was less volatile than its cis-edas 

analog. The mass spectrum was similar to that of its cis-edas analog 

with a strong parent and strong peaks due to loss of four carbonyl 

groups. There were also ions of the form MoCCOĵ das-CĤ )"'" where x = 

1 to 3. Again, there were many ions containing metal with fragmented 

ligand attached. The spectrum appeared more complicated than that of 

its cis-edas analog since the fragmentation of das was more complicated 

than that of cis-edas. 

A considerable number of amine, phosphine, and arsine ligands 

are known to displace carbon monoxide from the isoelectronic series of 

compounds Fê Ô NO)̂ , CoCCOĵ NO), and Ni(CO)̂ . Some of the compounds 

relevant to the present discussion are listed in Table II-5. The com

pound Fe[l,2-bis(diphenylphosphino)ethane](NO)2 has been prepared by 

Stone (49), but no similar complexes of chelating arsines had been 
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Table II-5. Previously Reported Disubstituted Derivatives of Ni(CO),, 
CO(CO)3(NO), and Fe(CO)2(NO)2 (Obtained by Direct Sub-
stitution). 

Complex Ligand 

Ni(CO)2L2 P(C6H5)3, P(C4H9)3 (50) P(0CHj)3 (51) 

dipyridyl (52) das (53) o-phenanthro-
line (54) 

Co(C0)(N0)L. P(CgH5)3 (55) 1,2-bis(diphenylphosphino)* 
ethane (56) 

Fe(NO)2L2 P(C6H5)3 (57) As(C6H5)3 (49) 

L„ = 

1,2-bis(diphenylphosphino)ethane (49) 

two monodentate ligands or one bidentate ligand. 



prepared. The compound FeCdasXNO)̂  was prepared by the reaction of 

Fê Ô NO)̂  with das in warm THF. The compound was soluble in ethers 

but decomposed in hydrocarbon solvents such as hexane and pentane. It 

was oxidized slowly in the air, developing a green color, and was oxi

dized more rapidly in solution. The nitrosyl stretching frequencies in 

the infrared spectrum of the compound are compared with other similar 

derivatives in Table 11-6. 

Compounds of the type Co(CO)(NO)L are known where L is a che

lating ligand such as 1,2-bis(diphenylphosphino)ethane (56) or o-

phenanthroline (58). No complexes of the type had heretofore been pre

pared where L was a ditertiary arsine. The compound Co(CO)(das)(NO) 

was prepared by the reaction of the ligand with Cô Ô NO) and the 

ligand in warm THF. It was soluble in ethers but decomposed in hydro

carbon solvents such.as hexane and pentane. The compound was oxygen 

sensitive, turning green on exposure to the air and oxidizing more 

rapidly in solution. The carbonyl and nitrosyl stretching frequencies 

of the compound are compared with several other derivatives in Table 

II-6. 

The compound NKCÔ das) has been prepared by Nyholm (53) by 

displacement of carbon monoxide from Ni(CO)̂  with das. However, even 

under the most vigorous conditions the remaining CO ligands were not 

replaced. Only aryl and alkyl cyanides and a few phosphines were able 

to displace all four carbonyl groups from Ni(CO)̂ . The carbonyl 

stretching frequencies of the compound NitCÔ das) and some related 

compounds are listed in Table 11-6. The compound NitCÔ âs) was 
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Table II-6. Infrared Data for Disubstituted Derivatives of 
Fe(CO)2(NO)2, CO(CO)3(NO), and Ni(C0>4. 

Compound . N0 
frequencies in cm A 

Fe(das)(NO)2 1716 1660 

Fe[lf2-bis(diphenylphosphino)ethane](N0)2 (49) 1726 1679 

Fe[As(C6̂ )3]2(NO)2 (49) 1732 1690 

Fe[P(C6H5)3](N0)2 (49) 1724 1678 

CO NO 
stretching stretching 
frequencies frequencies 
in cm"* in cra"l 

Co(CO)[1,2-bis(diphenylphosphino)ethane]-
(NO) (56) 1965 1712 

CO(CO)[P(C6H5)3]2(NO) (55) 1957 1717 

Co(CO)(das)(NO) 1940 1710 

CO stretching 
frequencies in cm 

Ni(C0)2(das) (52) 1996 1931 

Ni(C0)2[o-C6H4((C6H5)2As)2] (59) 2002 1941 

Ni(CO)2(dipyridyl) (52) 1950 1861 

Ni(C0)2[o-C H (P(CH ) ) ] (59) 1996 1931 

Ni(COK(cis-edas) 2000 1935 



prepared by- the method of Nyholm (53) and its mass spectrum and the 

mass spectra of the isoelectronic compounds Co(CO)(das)(NO) and 

FeCdasKNÔ  were recorded. They are shown in Figure II-7. 

The mass spectrum of NiCCÔ das) had a very small parent peak, 

shown 30 times greater than its true intensity in Figure 11-7, There 

were slightly stronger peaks due to sequential loss of two carbonyls 

from the parent ion. There were a few other nickel-containing frag

ments, but the majority of the spectrum was due to the free ligand. 

The mass spectrum of Co(CO)(das)(NO) also had a small parent 

peak, but not as small as its nickel analog, the parent ion fragments 

by loss of CO and NO, with loss of CO and NO, with loss of CO being 

more prominent than loss of NO. The predominant loss of CO would be 

expected since NO is more strongly bound to the metal. The relative 

bond strengths were indicated by the C-0 and N-0 stretching frequencies 

of the infrared spectrum. Since the nitrosyl frequency was 250 cm * 

lower in energy, the metal nitrogen bond must have considerably more 

double bond character than the metal carbon bond. The complete loss 

of the remaining CO and NO fragments leads to the ion [Co(das)]+. There 

were again few metal-containing ions, but more than were observed in 

the Ni(C0)2(das). The majority of the spectrum was that of das. 

The mass spectrum of FeCdasKNÔ  had a small parent peak and 

weak peaks due to sequential loss of NO from the parent ion. There 

were again few metal-containing fragments. There was about as much 

intensity due to metal-containing fragments in the iron compound as in 
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the nickel compound. The majority of the spectrum was again due to the 

arsine ligand. 

The mass spectra of the compounds NKCÔ das), Co(C0)(das)(N0), 

and Fe(das)(N0)2 were quite similar. They all contained weak parent 

ions and decomposed by loss of CO and NO groups, but generally there 

was not much intensity due to metal-containing fragments. 

The carbonyl and nitrosyl stretching frequencies for several 

disubstituted compounds Fê Ô NÔ , Cô Ô NO), and Ni(CO)̂  are 

listed in Table 11-6. The compounds all showed two bands in agreement 

with group theoretical predictions. The bands for each disubstituted 

metal were very close in position, indicating that they were not very 

sensitive to the character of the substituting group. 

When Ni(CO)̂  reacted with cis-edas in pentane or benzene, the 

white compound initially formed decomposed slowly, either in solution 

or in the solid state, to give a brown solid. The original white ma

terial had an infrared spectrum similar to that of NilCÔ Cdas) (see 

Table II-6). The mass spectrum of the white material had a peak at m/e 

350, the theoretical value for the parent ion fNi(C0)„(cis-edas)1+. 

There were also peaks at m/e 322 and 294 corresponding to the loss of 

one and two carbonyls, respectively, from the parent ion. 

The brown solid formed upon decomposition of Ni(C0)>.(cis-edas) 

had no CO absorption bands near 2000 cm"*, but it did have two less in

tense bands at 1750 and 1700 cm"*. Bridging carbonyl groups character

istically absorb in this region (60). On standing for long periods all 

of the carbon monoxide was lost from this material. 
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Plankey and Rund (61) have measured the kinetics of the re

action between cis-edas and Ni(CO)̂  and of the reaction between das and 

Ni(CO)̂ . It was found that initially das and cis-edas replaced carbon 

monoxide from Ni(CO)̂  at the same rate. The reaction between das and 

Ni(CO)̂ , however, terminated when either the Ni(CO)̂  or the das was 

completely converted to NiCCOĵ das). The reaction between Ni(CO)̂  and 

cis-edas released additional carbon monoxide even when excess Ni(CO)̂  

was present. Thus, cis-edas is capable of displacing more than two CO 

groups. 

The only structural difference between das and cis-edas is that 

cis-edas has a localized C-C double bond where das has an aromatic 

ring. Therefore the double bond must react either intra- or inter-

molecularly with Ni(CO) groups to displace further carbon monoxide. 

Cullen (in 46) has observed the same behavior in the reaction between 

l,2-bis(dimethylarsino)tetrafluorocyclobutene with Ni(CO)̂ . The prod

uct isolated from the reaction was a polymeric species containing no 

carbonyl groups. The surprising behavior was an example of one differ

ence in reactivity caused by the structural differences between das and 

cis-edas. Apparently the double bond in cis-edas was capable of co

ordinating to metals and cis-edas was capable of acting as a tridentate 

ligdnd. 

The compounds Co(C0)2(N0) and Fê Ô NÔ  also reacted with 

cis-edas in THF. The infrared spectra of the materials obtained showed 

a great many bands in the carbonyl and nitrosyl region of the infrared 

spectrum. The materials could not be purified. They were apparently 
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a mixture of compounds in some of which the cis-edas was acting as a 

tridentate and some of which were polymers. No pure compounds were 

isolated from the complex mixture. 

Complexes of cis-Edas With Metals 
in Higher Oxidation States 

The compound [CoBrAcis-edas)̂ | Br was prepared by the reaction 

of cobalt(ll) bromide with cis-edas in alcohol. The green cobalt(Ill) 

complex was easily isolated and purified. Its infrared spectrum had 

two intense bands at 910 and 870 cm * whose positions and shape were 

characteristic of compounds in which the chelating ligands are in the 

trans position (62), The nmr spectrum of [CoBr (cis-edas)J Br is shown 

in Figure 11-4 (see p. 67). The spectrum was obtained in perdeutero 

dimethyl sulfoxide with external TMS as a reference. The peaks in the 

spectrum due to impurities are marked with x's. The chemical shifts of 

the protons relative to TMS are listed in Table II-4. The spectrum 

showed just two absorptions, both of which were shifted downfield by 

0.4 ppm relative to the free ligand. If the chelating ligands were in 

the cis position, four absorptions would be expected in the methyl re

gion (62). Since only one absorption was observed in the methyl region, 

the assignment of the ligands to the trans position was confirmed. 

2 *4* The electronic spectrum of [CoBr (das)] has been thoroughly in

vestigated by several workers (4,6). If bonding were important in 

the complex, it would be expected that in fCoBr̂ (cis-edas)l">" the cis-

edas would be more strongly bound. The localized double bond elec

trons of cis-edas would be expected to be more delocalized in the 



chelate ring than the aryl electrons from das. The electronic spectra 

of these two compounds as well as that of [Fe(das)̂ ] [CIÔ ]̂  and 

rFe(cis-edas)j1 [ClÔ  ̂are listed in Table II-7. If the bonding were 

different, it would also be expected that the electronic spectra would 

be different. There was an absorption band with an extinction coeffi

cient of 90 at 15.5 kK in |CoBr»(cis-edas)„1 Br. The transition is to 

be compared with a similar absorption band at 15.7 kK with an extinc

tion coefficient of 87 in [CoB̂ Cdas)̂ ] C10̂ . The other transitions of the 

two compounds were also similar. The transitions of the d̂  iron(ll) 

compounds, [Fê as)̂ ] [ClÔ ]̂  and fFe(cis-edas)j1 [ClÔ ]̂ , obtained by 

Feltham and Silverthorn (in 63) were also quite similar. The extinction 

coefficients of the cis-edas compound were smaller by a factor of two, 

however. Therefore it appears that |Tbonding was not important in the 

d̂  complexes of iron ,and cobalt. Alternatively, it is possible that 

there is the same amount of pi bonding in both ligands, but this seems 

unlikely. 

No copper(Il) derivatives of das have been reported, although 

they have been isolated for short periods of time (64). To determine if 

copper(ll) complexes of cis-edas would be stable, several reactions be

tween copper(II) salts and cis-edas were carried out wherein the re

action of copper(ll) perchlorate was typical. The copper(II) deriva

tives of cis-edas were apparently even less stable than those of das, 

since it proved impossible to isolate any copper(Il) complexes even for 

short periods of time. The copper(I) perchlorate prepared from this 
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Table II-7. Electronic Spectra of the Complexes of cis-1.2-Bis(di-
methy1arsino)ethylene. 

Absorption max, kK ( max, M~* cm""l) 

Compound Symmetry 3̂  III 1̂  

°4h (3E) (3A2) (!e) (̂  (*E and 

[Fe(cis-edas)3] [C104]2 14.7 21.5 (100) 27.4 (170) 

[Fe(das)3] [ClÔ  14.5® 21.4 (230) 26.6 (350) 

trans-[CoBr̂ cis-

edas)̂ ] Br ••• 15.5 (90), 21.6 (sh) ••• 

trans-[CoBr̂ (das)̂ ]-

[C104] ... 15.7 (87), ...b 

a. Observed in reflectance only. 

b. Obscured by charge-transfer bands 



reaction was white and insoluble in all of the solvents with which it 

did not react, and consequently was not further characterized. 

The palladium(ll) complexes can be prepared by methods analo

gous to those used for the preparation of the platinum(Il) complexes 

(17). The perchlorate salt was isolated from a complex mixture con

taining cis- and trans-edas and palladium chloride by addition of 

sodium perchlorate. The palladium(II) complex which was isolated had 

a composition indicating that it was pentacoordinate as was the plat

inum complex of cis-edas (17) and the palladium and platinum complexes 

of das (65). 

Since uncoordinated edas was oxygen sensitive, it was best 

stored as an iron(III) complex, fFeCl„(cis-edas)̂ 1 [FeCl̂ ]. The com

plex is readily prepared in ether from mixtures of cis- and trans-edas 

or from mixtures of bis(dimethylarsino)acetylene and cis-edas. The 

bright crimson solid was slightly soluble in alcohol and insoluble in 

ether. The iron complexes with trans-edas and the acetylenic diarsine 

were soluble in the solvents, so that the complexes were easily sepa

rated from fFeCl»(cis-edas)„1 [FeCl̂ ]. The cis-edas complex could be 

stored indefinitely without decomposition. When needed, cis-edas 

could be generated by a ligand displacement reaction with triphenyl-

phosphine. 

Complexes of 8-Diphenylphosphinoquinoline 
and 8-Diphenylarsinoquinoline 

When dpq was added to an ethanolic solution of CoBr̂ , a brown 

color indicating formation of cobalt(II) was noted. On reflux, the 
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solution turned green, indicating the formation of cobalt(III). The 

compound was formulated as [CoBr̂ dpq̂  ̂[CoBr̂ ]. The presence of the 
A 

tetrahedral anion [CoBr̂ ] " was confirmed by a band between 6000 and 

7000 A0 in the visible spectrum which is characteristic of tetrahedral 

cobalt(II) (36, p. 878). 

When CrCl̂  was reacted with dpq in ethyl acetate in the pres

ence of ethanol, a complex mixture of compounds was formed. Of the 

complexes, only the blue monosubstituted complex CrCl̂ Cdpq)'ethanol was 

isolated by fractional crystallization. 

When Ni(C10̂ )*6H20 was reacted with dpq in ethyl acetate, an 

orange precipitate formed immediately. The orange complex was formu

lated as []Ni(dpq)[C10̂ ]It was diamagnetic and the perchlorate 

bands of the infrared spectrum were characteristic of the compounds 

where the perchlorate is not coordinated. Therefore, since diamagnetic 

orange complexes of nickel(II) are generally square planar (36, p. 884), 

the complex was four coordinate and square planar. 

When NifClÔ ^̂ Î O was reacted with dpq in ethyl acetate, a 

green complex formed immediately. The green complex was formulated as 

[N̂ ClÔ ^̂ pq̂ ]. It was paramagnetic (3.3 BM) and the perchlorate 

bands of the infrared spectra were characteristic of compounds in which 

the perchlorates are weakly coordinated. The color and magnetism were 

also characteristic of compounds in which nickel(II) is octahedrally 

coordinated (36, p. 884). Litzow (in 66) has prepared and thoroughly 

investigated the similar nitrogen complex, [Ni(C10̂ )2(8-amino-2-

methylquinoline)̂ ], and found it was also six coordinate. 



The difference in coordination between the dasq and dpq com

plexes of nickel(11) is as yet unexplained. Since the molecules are 

about the same size, steric effects are probably not responsible for 

the difference in coordination. Further experiments would be necessary 

to determine the reasons for the difference in coordination of the two 

compounds. 

Reactions of Ruthenium Complexes 

Many amines, tertiary phosphines, and tertiary arsines react 

with RuNOCl̂  forming compounds of the type RuNOCl̂ L̂ , where L is a 

monodentate neutral ligand (67). When das reacted with RuNOCl̂  in 

ethanol, an insoluble 1:1 orange complex was formed (67). It was im

portant to prepare a complex containing two bidentate arsenic ligands 

so that the stereochemistry of the complex could be readily determined. 

It was found that when das reacted with RuNOCl̂  in refluxing methanol 

the initial orange complex slowly converted to a yellow 2:1 complex, 

[RuNOCl(das)2] Cl2. 

The position and shape of the strong bands at 933 and 883 cm * 

in the infrared spectrum of the yellow complex were characteristic of 

the compounds in which the chelating arsenic ligands are in the trans 

position (62). The compound [Rû NOĈ daŝ ] Cl2 was prepared and its. 

14 
infrared spectrum was similar to that of the N compound except for 

the bands which are listed in Table £1-8. The agreement between the 

15 
calculated and observed shifts on N substitution was very good with 

the exception of the bands in the 600 cm ̂  region. The lack of agree-

15 
ment can be explained as follows. In the N substituted compound 



Table II-8. Effect of Substitution on the Infrared Spectrum of [RuNOCl̂ aŝ ] 

Assignment [Ru14N0Cl(das) ] CI 
obs L L 

[Ru15N0Cl(das)9] CI. 
obs L 

Obs 
shift 

Calcd 
shift 

N-0 stretch 1883 1851 32 32 

das 605 600 5 0 

Ru-NO bend 594 580 14 15 

Ru-N stretch 592 572.5 19.5 19 
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there was an absorption band at 600 cm~*-due to das. The das and NO 

-1 14 band which then both came at 600 cm in the N compound interacted by 

Fermi resonance to split to 605 and 594 cm"*'. With the correction the 

agreement became quite good. The assignment of the higher energy band 

to the Ru-NO bend and not the Ru-N stretch is consistent with the assign

ments of Jones (in 68) who has shown that the M-NO bend is of higher 

energy than the M-N stretch in the compound Nâ  [Fe(CN)̂ N0* 2̂ 0], 

The addition of anhydrous hydrazine to a solution of [RuNOCl-

(das)̂ ] Cl̂  in methanol produced a brown color followed by the formation 

of a yellow precipitate. The yellow compound had a composition corres

ponding to RuN̂ ClCdas)̂ . It was diamagnetic, a nonconductor in CĤ Cl̂  

and CHCl̂ t and had a molecular weight of approximately 750 in CHCl̂ . 

The position and shape of the intense bands at 935 and 896 cm~* in the 

infrared spectrum were characteristic of tetragonal six coordinated das 

complexes which have the bidentate arsenic ligands in the trans posi

tion. There was a strong band in the infrared spectrum at 2038 cm * 

which was assigned to the antisymmetric stretching frequency of the co

ordinated azide. 

Reaction of [Rû NOCltdaŝ ] with anhydrous hydrazine pro-

15 15 
duced the azido complex containing N. The presence of N was demon

strated by reacting it with aqueous CeCSÔ )̂ . The gas which was evolved 

15 14 14 14 
was shown to contain both N- N and N- N by mass spectroscopy. The 

infrared spectrum of the substituted compound was similar to that 

14 -1 of the N complex except that the band at 2038 cm had disappeared 

and a band at 2026 cm"* had replaced it. Experiments have been done 
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which determine the effect of substitution on the azide ion (69), 

It was found that substituted in a terminal position shifts the 

antisymmetric stretching frequency by 12 cm"*. When the central nitro-

15 -1 
gen of the azide ion was substituted with N the shift was 38 cm . 

Since a shift of 12 cm * was observed and only one band was observed 

in the 2000 cm"* region, the is exclusively in terminal positions. 

Since the was initially bound to the metal, it was likely that the 

15 
N in the azide complex was also bonded to the metal. The reaction 

may be formulated as follows: 

[Ru15(NO)Cl(das)2]+2 + 3N2H4 Ru15NN2Cl(das)? + H20 + 2N2H5+ 

When RuN̂ Cl(das)2 was exposed to light in the presence of air 

it reacted to form RuCl(N02)(das)2« The nitro compound has also been 

prepared by Douglas and Feltham (71) by an alternate route. The posi

tion and shape of the strong bands at 935 and 896 cm~* in the infrared 

spectrum were characteristic of those compounds in which the bidentate 

chelating ligands are in the trans position (62). The compound also 

had a band at 1320 cm * which is characteristic of the coordinated 

nitro group. The remainder of the spectrum was that of das. 

When cis-edas was refluxed with RuNOCl̂  in methanol, the 1:1 

orange complex initially formed was slowly converted to the yellow 2:1 

complex. The 2:1 complex was easily separated from the orange complex 

with which it was contaminated by washing with CH2C12. The complex 

fRuN0Cl„(cis-edas),.] Cl2 was more soluble in alcohols than its das 

analogs. The position and shape of the bands at 910 and 860 cm * in 
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the infrared spectrum were characteristic of the compounds in which the 

arsenic ligands are in the trans position. The intense band at 1847 

cm"*" was assigned to the N-0 stretch. 

When anhydrous hydrazine was added to a solution of [RuNOCl-

(cis-edas)„1 Cl̂  in methanol, the solution became brown and then yellow. 

The compound RuNjCl(cis-edas)̂  was crystallized from the solution. The 

yellow complex was more soluble in chlorinated hydrocarbons than its das 

analog. It was also soluble in other solvents including methanol and 

acetone. The position and shape of the strong bands at 910 and 864 cm~* -

in the infrared spectrum were characteristic of the compounds in which 

the bidentate arsenic ligands are in the trans position. The trans 

arrangement of the bidentate ligands was confirmed by a preliminary 

X-ray structure by Enemark (70). The results suggest that [RuNOĈ daŝ ] 

Cl̂ f RuN̂ Cltdaŝ * RuClCflK̂ Kdaŝ j and fRuN0Cl(cis-edas)̂ 1 also have 

a trans arrangement of the bidentate arsenic ligands. The antisymmetric 

stretching frequency of the coordinated azide occurs at 2041 cm"*. 
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