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CHAPTER I 

INTRODUCTION 

Organophosphorus Chemistn/ 

Organic compounds of phosphonjs have been in existence at least 

since the beginning of the life of this planet. Such substances were probably 

prepared artificially for the first time in the Middle Ages. For example, Robert 

Boyle^ observed the oxidation of phosphonjs in the presence of turpentine in 

1681. However, the sclentificallly planned research of these compounds was 

not accomplished until the early nineteenth century when Lassalgne^ studied 

the esterification of dehydrated phosphoric acids with alcohols in 1820. 

Some two decades later, phosphlne derivates were prepared by Thenard,3 

and in the succeeding years of that century the chemistry of 

organophosphorus compounds developed at a rather rapid pace. The 

development continued through the opening of this century as may be 

witnessed by the enormous literature on the subject in its various aspects. 

The study of the organophosphonjs chemistry became more 

systematical only after Michaelis synthesized a great number of 

organophosphorus compounds, which laid the foundation for the study of the 

formation of P-C, P-S, P-Se and P-N bonds. The Michaelis-Becker reaction"^ 

is used widely for the synthesis of alkylphosphonates. This purely synthetic 

aspect was later expanded into more areas by several pioneering 

investigators. A. E. ArtDuzov, who succeeded Michaelis, developed the basic 

principles of the reactions of phosphorus compounds. ArtDuzov^ explored in 

great detail one of the most versatile methods for the formation of C-P bonds. 

This reaction of an ester of trivalent phosphorus with an alkyl halide was 

initially discovered by Michaelis & Kaehne.^ It is widely employed for the 

synthesis of phosphonates, phosphinates esters and phosphlne oxides and 

is known as Michaelis-Arbuzov reaction. 
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Eariy in this century, the interest in the chemistry of phosphorus 

compounds was based primarily on practical applications. For example, 

phosphorus compounds were widely used as plasticizers, as extraction 

agents, as oxidation inhibitors for lubricants, as flotation agents, and as 

complexing agents for transition metals. Of particular interest was the 

discovery by W. Lange and G. V. Krueger^ of the toxic and insecticidal 

properties of organic phosphorus compounds. 

The Wittig reaction, the conversion of an aldehyde or ketone into an 

olefin by reaction with a phosphlne ylide,^ opened up a new field of 

organophosphorus chemistry. The preparation of optically active phosphines 

by Horner^ greatly stimulated the entire field of phosphlne chemistry. 

The names of the compounds in this text primarily correspond to the 

lUPAC system, but some common names will also be used. The 

nomenclature is expressed as the follows: trivalent pyramidal phosphorus 

compounds (a) can be considered as derivatives of the compound, PH3 

phosphlne (phosphane in the lUPAC system); tetrahedral compounds (b) are 

named as derivates of phosphlne (for instance, phosphlne oxide for R3PO 

and phosphlne sulfide for R3P); for the RR'P-PR'R type of compounds (c), the 

term diphosphine is used; and for the RP=PR type of compounds (d), the term 

diphosphene is applied. 

R ^ R 

•R' X = p ^ - R-

R" R" 

(a) (b) 

R R 
P—P 

R'^ ' R ' 

R P P — R 

(c) (d) 

The names of cyclic phosphorus compounds are derived from the prefix 

"phosph" modified to "phosphor" when the next syllable starts with "in" or 
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"ine.- The standard suffixes of heterocyclic nomenclature then indicate the 

size of the ring and also whether the ring is fully unsaturated or fully 

saturated. In the Table 1.1 below, the proper suffixes (underiined) have been 

applied to show the full name for the first eight members of the series. 

Table 1.1 Names and Ring Sizes of Some Cyclophosphines 

Ring Size 

3 

4 

5 

6 

7 

8 

9 

10 

Unsaturated 

phosphiiiaOfi 

phosphete 

phosphole 

phosphorin 

phosphepin 

phosphQcin 
phosphonin 

phosphfifiin 

Phosphines 

Saturated 

phosphiraofi 

phosphfilaofi 
phosphQianfi 

phosphorinsnfi 

phosphfiiiaQfi 

phosphQî aOfi 

phosphonanfi 
phosphficanfi 

Most phosphines are very reactive towards Group VI elements; that is, 

they easily form phosphlne oxides, phosphlne sulfides and even phosphlne 

selenides. The most important application of phosphines is in the role of 

ligands for organometallic complexes. These ligands play a dramatic part in 

catalytic reactions. Optically active phosphlne ligands are capable not only 

of affecting the reaction rate, but also of affecting stereospecificity of the 

products. Due to the importance of these stereochemical reactions, a brief 

review of phosphlne stereochemistry is given. 

An almost encyclopedic quantity of information exists on the addition of 

reagents to, or across, the carbon-carbon bond. In a striking comparison, 

there is relatively little known about the addition of reagents to the hemolytic 

bond of carbon's diagonal neighbor, phosphorus. Of prime importance is the 

stereochemistry of such additions; specifically, to the author's knowledge, 

there exists not a single literature reference to the stereochemistry of the 

addition of reagents to the P-P bond. Since a phosphlne with three different 

pendant groups RR'R"P will be optically active or chiral, and since the barrier 

to pyramidal inversion for tertiary phosphines has, in the absence of special 



effects, a value of 30-35 kcal/mole, then phosphines can be obtained as 

entantiomers that can interconvert only very slowiy at or near ambient 

temperature."'^ 

P: ^ ^ :P 

30-35 kcal/mole 

Similarly, diphosphines maintain their optical integrity; thus a diphosphine 

such as R(R')P-P(R)R' will exist in meso and d,l pair isomers. Addition of a 

nucleophilic reagent such as iodine (or hydrogen) will lead to the phosphine 

RR'PI (or RR'PH). If the initial diphosphine is either the optically pure meso 

or d,I isomer, then by analysis of the optical purity of the product phosphine 

RR'PI (or RR'PH), it can be easily determined if the addition resulted in 

retention, inversion, or racemization of configuration. If the reaction is 

stereospecific, whether with retention or inversion of configuration, the result 

will be a simple, high yield route to chiral phosphines, which have attracted 

considerable interest and are of much practical value as ligands and as 

catalysts for asymmetric organic syntheses.^ ^ 

Specifically three topics will be discussed in this dissertation, all relating 

to aspects of phosphines or diphosphines, particularly those involving P-H 

bonds: (1) synthesis and characterization of a model compound, 

1,2-diphenyl-1,2-diphospholane; (2) characterization of a novel cyclic 

phosphorus compound, 1-phenyl-cyclophosphetane (discovered as a 

by-product), and; (3) stereochemical aspects of the sterically hindered 

diphosphine, R(H)P-P(H)R. 

Formation of P-P Bonds from P-H Bonds 

The organophosphorus chemistry of P-P bonded compounds has long 

fascinated chemists since 1888, when Doken''^ prepared the first 

organosubstituted diphosphine Ph2P-PPh2 by the dehydrohalogenation of 
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Ph2PCI and Ph2PH. The development and progress of organophosphorus 

chemistry of P-P bonds has been long and slow. Before the 1950's, very few 

publications had been dedicated to this area. In 1958, Burg''3 successfully 

synthesized (CH3)2P-P(CH3)2, opening a new synthetic route for P-P 

bonded compounds, which has subsequently lead to the isolation of a great 

number of diphosphines. 

It is quite evident that the growth of the field of polyphosphorus 

chemistry has lagged far behind that of the poly-element chemistry of the 

neighboring elements in the periodic chart. For example, sulfur-sulfur and 

arsenic-arsenic bonds have been of studied because of their significance 

relative to biological systems. The S-S linkage is, in fact, an important 

stnjctural feature of many mammalian hormones such as oxytocin. 

Derivatives of "arsenobenzene," (C6H5As)6, were synthesized in substantial 

numbers following Ehrlich's discovery'''* of "Salvarsan 606" (3,3'-diamino-4-

4'-dihydrooxyarsenobenzene) and its use in the treatment of syphillus. A 

further reason for the slow growth of the field is related to the reactivity and 

concomitant intractability of many polyphosphorus species. This reactivity 

does not derive from thermodynamic weakness of the P-P bond, since the 

P-P (51.3 kcal/mole) and S-S (50.9 kcal/mole) single bond energies are 

comparable. Rather, theP-P bond is far more susceptible to both nucleophilic 

and electrophillc attack than, for example, sulfur-sulfur or arsenic-arsenic 

bonds. 

Previous synthetic methods for the formation of diphosphines includes 

the following: (1) Condensation of organo-phosphlnes with organohalophos-

phines:^^ 

R2PCI + HPR2 -^ R2P-PR2+HCI . (1) 

(2) Reaction of lithium phosphide with phosphorus halides or halogens:''^ 

R2PLi + XPR2 -^ R2P-PR2 + LIX 
R2PLi + X2 -> R2P-PR2 + 2LiX where X = Br or CI. (2) 

(3) Reaction of phosphorus halides with metals: 
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R2PX + M -> R2P-PR2 + MX where M = active metal. (3) 

However, all of these methods have one or more disadvantages. In 

method (1), a secondary phosphine must first be prepared, and a high 

reaction temperature is always necessary. Method (2) involves a highly 

reactive and somewhat unstable species, namely the lithium phosphide. 

Method (3) is a heterogeneous reaction and results in low yields and 

separational difficulties. What is needed for the formation of diphosphines is 

a new reagent or synthetic route which involves mild conditions and easily 

separable products. 

Phosphetanes 

Phosphorus heterocycles are found in the broad variety of ring size. 

Among them, most studies have been conducted on five-membered 

phospholanes and six-membered phosphorinanes. Little work has been 

done on the four-membered ring phosphetanes. Stmctures and names of 

some common heterocyclic phosphorus compounds are shown in Figure 1.2. 

The study of four-membered ring phosphetane chemistry first began in 

1962.''^ The method used involved the reaction of equimolar amounts of 

2,4,4-trimethyl-2-pentene, PCI3, and AICI3 in methylene chloride at 0°C-10°C 

for one hour. Hydrolysis of the product gave 2,2,3,4,4-pentamethylchoropho-

sphetane oxide. The acid and methyl ester could be easily obtained from this 

phosphinic chloride. 

Phosphetanes should be expected to have properties related to both 

phosphines and cyclopolyphosphines (RP)n- However, due to the ring strain, 

phosphetanes would be expected to be more reactive than corresponding 

cyclopolyphosphines or non-cyclic phosphines. Some stereochemistry of 

phosphetanes has been studied.''3.19.20 j^e effects of pendant carbon 

substitutents in phosphetanes are of interest in such areas as multinuclear 

NMR spectroscopy and in cyclic organophosphonjs compounds in general. 

However the parent phosphetane 6 H 2 ( C H 2 ) 2 P R 'S unknown. The synthesis 

oh this parent phosphetane is therefore of considerable interest. 



phosphirane phosphetane 

phospholane phosphorinane 

phosphepane phosphocane 

Figure 1.1 Structures and Names of Some Heterocyclic Phosphorus Compounds. 
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Sterically Hindered Diphosphines 

Diphosphines of the type R(H)P-P(H)R have meso and d.l 

diastereomers. Analogous to the di-chiral centered organic compounds, 

RR'R-C-CR"R'R, the relative population of these two diastereomers would 

expected to exist in 50/50 ratio. Sterically bulky groups can lead to 

considerable change in the relative amount of these two diastereomers, 

however one sterically bulky diphosphine, Ar(H)P-P(H)Ar bis-(2,4,6-tri-terr-

butylphenyl) diphosphine (or commonly referred to as disupermesityl 

diphosphine) can formally be considered to be a derivative of the 

diphosphene ArP=PAr. Therefore, the understanding of some chemistry of 

compounds involving P=P bond is necessary. 

The history of double bonding between the heavier Group V main-group 

elements traces to the last century when Kohler and Michaelis^'' isolated a 

substance which they formulated as -CeHsPrrPCeHs" and dubbed 

"phosphobenzene" by analogy with azobenzene. The subsequent X-ray 

diffraction studies^ revealed that "phosphobenzene" adopts a cyclic 

pentameric structure in the solid state. Similar studies indicated that most of 

these types of compounds have cyclic oligomeric nature with multiple single 

bonds instead of a double bond, such as the chemotherapeutic drug 

"Salvarsan.''23 The development of the compounds featuring double bonds 

between the heavier main-group elements has been slow because of the 

general acceptance of the so-called "classical double-bond rule,"^^ which 

points out the relative instability of pn-^n bonding between these elements. 

Like Ar(H)P-P(H)Ar, diphosphine H2P-PH2 can be viewed as a formal 

derivative of diphosphene, HP=PH. The parent diphosphene, HP=PH, was 

first detected in 1966^^ as a product of thermal decomposition of P2H4 (4), 

although it is very unstable and undergoes decomposition to P4 and PH3 (5) 

as shown below: 

2P2H4 ̂  2PH3 + P2H2. (4) 
3P2H4 -» P4 + 2PH3. (5) 
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Other studies have shown that diphosphene is formed from P2H4 at room 

temperature and at low temperature^^ using a nearly static system and by 

photolysis of P2H4.^^ 

The first arylated diphosphene, bls(2,4,6-tri-tert-butylphenyl) 

diphosphene was prepared by Yoshifuji, et al.^3 j^is was followed by the 

synthesis of the first alkylated diphosphene, bis(tristrimethylsilyl) 

diphosphene by Cowley.^^ Both diphosphenes were prepared by the 

reduction of the corresponding dichlorophosphine with the appropriate 

reducing agent (magnesium for the former and sodium naphthalenide of 

(Me3Si)3CU for the latter). 

Disupermesityl diphosphine, Ar(H)P-P(H)Ar has been prepared by 

reaction of lithium supermesityl phosphide ArP(H)Li and a chlorinated 

reagent, such as CHCI3, CCI4 etc. Even though some NMR data has been 

reported, no reference was made as to the formation of possible 

stereoisomers. Our study will focus on a new synthetic route to and the 

stereochemistry of this diphosphine. Also of interest is the synthesis of a 

stable diphosphene of the type ROP=POR, and the reactivity and 

stereospecificity of this compound towards addition reactions. 



CHAPTER II 

EXPERIMENTAL 

General 
A great majority of the compounds and chemical procedures reported in 

this study required rigorous exclusion of water and oxygen and were 

performed using standard vacuum line and inert atmophere techniques.30 

Wori<ing vacuums were maintained at 10"3 to 10"^ torr. The argon-filled dry 

box was kept water and oxygen free by the use of stirred sodium/potassium 

alloy. All solvents were dried prior to use according to accepted literature 

methods.3'' 

Instmmental Measurements 

Infrared spectra were acquired on a Nicolet MS-X fourier transform 

spectrometer using polystyrene as the reference. Mass spectral data were 

obtained on a Hewlett-Packard 5995-B Gas Chormotography/Mass spectro

meter operating at an ionizing current of 70 ev. 

Nuclear magnetic resonance measurements were primarily recorded on 

an IBM AF-300 fourier transform NMR. However, selected spectra were also 

recorded on a Varian Associates XL-VXR-400 spectrometer or a GE 500MHz 

NMR. All NMR data were reported relative to the following external 

standards: ' ' H ( T M S ) , 31p(85% H3PO4), ''3c(TMS) with positive values 

indicating downfleld chemical shifts. 

Svntheses of P-P Bonded Compounds 

Preparation of Dibenzvlmercurv (C£H^CHo)oHa 

Dibenzylmercury was prepared by the method of Oilman and Brown.32 

Dried HgCl2 was placed in a Soxhiet extractor to react with the fresh-made 

CeH5HgCI Grignard reagent in diethyl ether solvent. The pure product was 

obtained by recrystallization twice from CHCI3. The identity and purity of the 

10 



11 
product were verified by its Hg satellite in NMR data:'' H NMR (300MHz) CH2 

(2H, 5 2.30, 2j(HgH) = 67 Hz); "> 3c NMR (75 MHz) para 5 = 122.9 ppm, meta 

5 = 128.1 ppm, ortho 5 = 128.3 ppm, tertiary 5 = 144.4 ppm of phenyl carbons, 

and Benzyl CH2 (5 = 46.6,''J(HgC) = 315Hz), and its melting point, 107°C (lit. 
111°C).32 

Formation of 1,2-diphenylethane, C6H5CH2CH2C6H5 occurred 

through slow decomposition of dibenzylmercury. The pure dibenzylmercury 

needed to be stored in the dark under N2 atmosphere to arrest 

decomposition. The formation of C6H5CH2CH2C6H5 was identified by its 

mass spectrum (M: m/e = 182; C7H7+: 91) and NMR data: ""H NMR 

(300MHz) benzyl CH2 (5 = 3.11 ppm); •'3c NMR (75MHz) benzyl CH2 (5 = 

38.2 ppm), para 5 = 126.2 ppm, meta 5 = 128.6 ppm, ortho 5 = 128.7 ppm and 

tertiary 5 = 3.11 ppm of phenyl carbons. It melted at 52.2°C.33 

' '3c NMR data of both dibenzylmercury and diphenylethane were 

determined by comparing coupled ''3c, broad band ' 'H decoupled ''3c and 

off-resonance '' H decoupled ''3c NMR spectra, especially for the assignment 

of the phenyl carbons. Figure 2.1 clearly shows the difference among these 

three spectral modes of (CeH5)3P. All coupling constants can be easily 

obtained directly from the spectra. 

Preparation of Diphenylphosphine (CgHcloPH. 

and Phenylphosphine.C^H^PHo 

Both diphenylphosphine and phenylphosphine were prepared by the 

reduction of the corresponding chlorophosphine with LiAlH4 in diethyl ether 

solvent.3^ All chlorophosphines were purchased commercially from Strem 

Chemical Inc., and were used as received. Both phosphine products were 

purified by vacuum distillation and confirmed by their 31 p NMR data.35 

Reaction of (C^H^)oPH with (C^H^CHo)oHa. 

Synthesis pf fC^H^)2P-P(C^H^)2 

This reaction v/as performed in a 5 mm NMR tube with or without 

solvent. In one typical reaction , diphenylphosphine (0.372 g, 2 mmol) was 

mixed with dibenzylmercury (0.762 g, 2 mmol) in a 5mm NMR tube inside a 

Na/K dry box. The tube was evacuated and flame sealed. After 2 hours at 

ambient temperature following vigorous shaking, only a small amount of the 



i ; 

m,..^^JK 

J 

Figure 2.1 13c NMR Spectra of (C6H5)3P. 
Upper spectnjm is broad band decoupled. 
Middle spectnjm is off-resonance proton 
decoupled. Lowest spectnjm is proton 
decoupled. 
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expected product, tetraphenyldiphosphlne (C6H5)2P-P(C6H5)2 together with 

some mercury were produced. After another three days at room temperature, 

only a trace amount of starting material, (C5H5)2PH remained based on 31 p 

NMR. Any additional time did not Increase the amount of expected product, 

tetraphenyldiphosphlne. The yield of tetraphenyldiphosphlne, 

(C6H5)2P-P(C6H5)2 was approximately 80% based on 31PNMR spectra. 

31P NMR data36 showed diphenylbenzylphosphlne, (C6H5)2PCH2C6H5, 

b(}^P) = -10.6 ppm, was also produced in the amount of about 1/10 to the 

main product, tetraphenyl diphosphine, 5(31 P) _ .-150 ppm. 

Attempted preparation of C^H^CHoPfC^H^^o ^^ ^^^ 
reaction of ( C ^ ^ ^ P H with C ^ ^ G H ^ g H ^ g ^ ^ 

This reaction was conducted to determine whether the formation of 

C6H5CH2P(C6H5)2 from the previous reaction was a result of a reaction 

between (C6H5)2PH and a known decomposition product of DBM, namely 

C6H5CH2CH2C6H5. In fact, this was not the case, since no reaction 

between these two compounds was observed even at elevated temperature 

for an extended period of time. The reaction was monitored by 31 p NMR. 

Reaction of fC^H^^oPCI with fC^H^CH^loHa 
Equivalent moles of (C6H5)2PCI and dibenzylmercury were placed in 

sealed 5mm NMR tubes with dried THF as solvent. One tube was monitored 

by 31 p NMR for 3 days at ambient temperature, the other tube was monitored 

for 3 days at 60°C. In both cases, the expected substitution product, 

diphenylbenzylphosphlne C6H5CH2P(C6H5)2, was not produced. Instead, 

(C6H5)2P-P(C6H5)2 tetraphenyldiphosphlne, was the major product. 

Equivalent moles of C6H5PCI2 with dibenzylmercury were placed in a 

NMR tube with THF solvent, and the tube evacuated and flame sealed. After 

24 hours at room temperature, a small amount of the expected substitution 

product, (C6H5)(C6H5CH2)PCI, was formed. After heating at 60°C for 

additional 24 horus, the final product, (C6H5)(C6H5CH2)PCI was produced 

in about 30% yield. Again, this reaction was monitored primarily by 31 p NMR 

spectroscopy. The 31 p chemical shift of (C6H5)(C6H5CH2)PCI is 88.2 ppm. 
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Reaction of rn^Hn)^p yyfthJg^r^^l^Ha 
Analagous to the previous reaction, (C5H5)3P and dibenzylmercury 

were placed in a sealed NMR tube using THF as solvent. After 4 months at 

120°C, no apparent reaction was observed by 31 p NMR spectroscopy. A 

small Hg droplet did appear from the thermal decomposition of 

dibenzylmercury. 

Preparation of C^H^m^P-fCHo^^-PfH^C^H^ 

The procedure described by Issleib and Krech37 was modified to 

prepare 1,3-bls(phenylphosphlno)propane. A Br(CH2)3Br/ether solution 

was slowly added to a fresh-made, yellow C6H5PH"Na"*"/ether solution33 in 

1:2 mole ratio under nitrogen atmosphere at room temperature. The 

produced NaBr salt was dissolved by the addition of deoxygenated water. 

The ether layer then was separated from the aqueous layer and was dried 

over CaS04 for 2 hours. The product was obtained by vacuum distillation 

(185°C/0.5 torr) of the dried ether solution. The yield of 1,3-bis(phenylphos-

phino)propane based on NMR was approximately 75% corresponding to the 

amount of Br(CH2)3Br used. The 31 p NMR spectrum of this distillate also 

indicated a major impurity with a chemical shift of -8.4 ppm. The inpurity is 

thought to be an unsubstltuted four-membered ring phosphetane based upon 

2D NMR spectroscpolc analysis. A separate synthesis of the phosphetane 

will be discussed later. 

The purification of 1,3-bis(phenylphosphino)propane could not be 

achieved by vacuum distillation as described above. However, after 

approximately a week , the solution formed two layers, the bottom layer being 

the phosphetane and the top layer being the diphosphinopropane. This 

semipure (greater than 90%) diphosphinopropane was then isolated by 

carefully removing the top layer with a syringe and was used without any 

further purification. The compound was characterized by''3c,'' H, 31 p N M R 

and IR spectral data (see next chapter for details). 

Reaction of 1 ^-Bisfphenylphofiphino^Dropane 
and Elemental Sulfur 

In glove bag, 1,2-bis(phenylphosphino)propane (0.85 ml, 3.6 mmol) 

was added dropwise to elemental sulfur (0.3242g,10.0 mole). Immediately 

following contact between phosphinopropane and sulfur, smoke formed. A 
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small amount of unreacted sulfur together with a coloress liquid remained 

after the addition. Dissolving this reaction mixture in acetone followed by 

filtration and solvent evaporation resulted in a oily solution. Attempts at 

recrystallization of this oily solution was unsuccessful in several solvents. IR 

spectra and NMR data were collected using this impure oily liquid. Product 

formation was indicated by IR spectroscopy, with P-H stretch at 2328 cm'1 

and P=S at 601 cm"1. The 31 p[1 H] NMR spectrum showed 2 peaks at 26.48 

ppm and 25.58 ppm with 476.9Hz and 472.3 Hz P-H coupling constants. 

Those two peaks were assigned to be two diastereomers of the expected 

product, S(H)PhP(CH2)3PPh(H)S 1,2-bis(phenylphosphino)propane-1,2-di-

sufide. No monosulfide was observed in 31 p NMR spectra. 

Synthesis of 1.3-Bis(phenylbenzylphosphino)-
propane from the Reaction of fC^H^CHo^oHq and 

£^5(H)P-(CH2)^-P(H)C^tl5 
1,3-Bis(phenylbenzylphosphino)propane was synthesized by the 

reaction of 1,3-bls(phenylphosphino)propane with dibenzylmercury in a 

closed system. A reaction was achieved at room temperature only after 3 

weeks. 31 p spectral analysis showed 2 singlets indicating 2 isomers (meso 

and d,l pair) of 1,3-bis(phenylbenzylphosphino)propane were formed. The 

chemical shifts of these two isomers were highly solvent-dependent. For 

instance, the difference in the chemical shift of these two isomers was about 

0.10 ppm in THF solvent as compared to 0.85 ppm in CgHg solvent. At 60°C, 

completion of the above reaction is achieved in only 2 weeks time. Variable 

Temperature 31 p NMR measurements showed no change in the relative ratio 

among these two isomers at 60°, 80° and even 100°C. 

Svnthesis of 1 •2-Diphenvl-1 ^-diohosoholane 
frnm the Reantinn of 1 .S-Bisrohenvlohosphino)-
propane. n-BuLi and 1 P Dihromooropane. 

A n-BuLi/hexane solution(8.4 mmole) was slowly added to 
1,3-bis(phenylphosphino)propane/ether solution(4.2 mmole) in dry 

ice/acetone bath. A yellow solution of di-lithium phosphide, 
Ph(Li)P(CH2)3P(Li)Ph, formed following the addition. CH3CHBrCH2Br (0.44 

mmol) in an ether solution then was slowly added to this yellow solution 

mixture. The reaction ended with a colortess solution and white precipitate. 
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P NMR data then was collected directly from this solution without any 

further purification. The 31 p NMR spectra showed a small amounts of 

unreacted 1,3-bls(phenylphosphlno)propane (5 = -54 ppm) remaining 

together with the formation of 1-phenylphosphetane (5 = -8.4 ppm) and 

1,2-diphenyldiphospholane (5 = -25.8 ppm). 

Svnthesis of 1 .S-BisrphenylbenzvlphQsphinnV 
propane.l.a-disulfirie 

1,3-Bls(phenylbenzylphosphlno)propane,1,3-disulfide was synthesized 

in the apparatus shown in Figure 2.2. In the larger main tube, dibenyzlmer-

cury and 1,3-bis(phenylphosphino) propane were reacted at 60°C to form 

1,3-bls(phenylbenzylphosphino)propane quantitatively. The formed 

phosphinopropane was then poured into the side-armed tube which 

contained a 2:1 excess of elemental sulfur. The disulfide was formed 

instantaneously upon contact. The product 1,3-bis(phenylbenzylphosphino)-

propane.l ,3-disulfide was washed and recrystallized from spectral grade 

acetone, then characterized by 31 p NMR and melting point determination 

(180°C, Ut. 178°-180°C37). Attempts to grow a single crystal for X-ray 

crystallographic studies were not successful. 

Reaction of (C^H^^oPCI with Mg Turning. Svnthesis of 

Tetraphenvldiphosphine.fC^H^)oP-P(C^H^)o 

(C6H5)2PCI (6.2974g, 28.6 mmol) in 30.0ml diethyl ether solution was 

added dropwise to ether-covered Mg turnings (0.6864g, 28.6 mmol) and 

refluxed overnight. 31 p NMR spetroscopic analysis was conducted directly 

from this reaction mixture without any further purificlation. Results showed a 

small amount of both ( C 6 H 5 ) 2 P H 3 3 and (C6H5P)539 (m, 5 = +4.7 ppm) were 

formed in addition to the major product, tetraphenyldiphosphlne 

(C6H5)2P-P(C6H5)2.40 

Hvdrolvsis of fC^H^)oPCI in the Presence of a 

Lewis Base. (CoH^^^ 

A suspension of Et3N (5.8405g, 0.05772 mol) and H2O (0.5195g, 

0.02886 mol) in 100 ml of dry benzene solvent was added to a well-stirred 

solution of Ph2PCI (12.6749g, 0.05772 mol) in 150 ml benzene over a period 

of 1/2 hour at 0°C. The temperature was then slowly raised to room 
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Figure 2.2 Apparatus for the Synthesis of 1,3-Bis(benzylpheny-

phosphino)propane-1,3-disulfide. Drawing is approximately one 

half scale. 
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temperature and stirred for an additional 24 hours. The white precipitate, 

Et3N-HCI, was filtered off. The melting point of this Et3NHCI solid was 

158°C. 31 p NMR spetra of the remaining reaction mixture were run in CgHg 

and CDCI3 solvents. NMR measurements indicated that the products were 

(C6H5)2P(0)-P(C6H5)2. (C6H5)2P(0)-(0)P(C6H5)2 and (C6H5)2P(0)H 

(see next Chapter for details). 

Hvdrolvsis and Oxidation Reaction of C^H^PHo 

Both oxidation and hydrolysis were performed in a 5 mm NMR tube 

without solvent. De-oxygenated water was added to pure CeH5PH2 at room 

temperature. After one day, the only reaction noted by 31 p NMR was the 

formation of a trace amount of C6H5(H)P-P(H)C6H5. After exposing another 

CeH5PH2 sample to air for one day, several oxidation products were formed 

as expected, such as C6H5P(0)H2. C6H5P(0)H(OH) and C6H5P(0)(OH)2. 

Interestingly, C6H5(H)P-P(H)C6H5 was also fonned in ~ 15% yield based on 

31P NMR. After two more days of exposure to air, the amount of diphosphine, 

C6H5(H)P-P(H)CeH5 showed a small increase. No more increase of this 

diphosphine was observed after 3 days. 

Synthese of Phosphetanes 

Li metal (0.2442g, 17.6 mmole) was cut into very small pieces and 

flattened until very thin. The lithium pieces were washed with several 

portions of THF solvent and refluxed in 100 ml of tetrahydrofuran for 2 hours. 

By means of a septum cap, 1.2 ml (d =1.319,1.5828 g, 8.80 mmol) of phenyl-

dichlorophosphlne in 100 ml THF was slowly syringe-injected to the 

well-stirred solution of Li in THF. A light yellow solution of lithiumphenylchlo-

rophosphide, PhPCI'Ll"^, was initially formed, followed by a brick-red dilithium 

phenylphosphide, PhPLi2 solution. Immediately following formation of the 

latter solution, 0.9 ml (1.7909 g, 8.80 mmol) of Br(CH2)3Br in 100 ml of THF 

was syringe-injected into the previous solution over a 4 hour period. The 

original brick-red solution turned to a clear, bright yellow solution and finally, 

to a pale yellow solution with a white precipitate. 31 p NMR spectra of the 

reaction solution portion revealed 5 peaks: -8.20 ppm, -26.7 ppm, -27.6 ppm, 

-54.0 ppm, and -54.4 ppm, with an approximate ratio of 1 to 3.5 to 0.2, 3.5 
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being the sum of the relative intensities of the -26.7 ppm and the -27.6 ppm 

peaks, and the 0.2 being the sum of the -54.0 ppm and the -54.4 ppm peaks. 

The peaks at -54.0 ppm and -54.4 ppm have been Identified as the two 

stereoisomers of 1,3-bls(phenylphosphlno) propane, while the peaks at -26.7 

ppm and -27.6 ppm were identified as (BrCH2CH2CH)2PPh and dipropyl-

phenylphosphine (C3H7)2PPh, respectively. The assignment of the -8.20 

ppm peak to 1-phenyl phosphetane was confirmed using ^3Q N M R . In this 

spectrum, 2 doublets were observed:''JpQ = 14.24 Hz and ^JpQ = 3.9 Hz. 

The ^3c NMR splitting patterns correspond to the impurity observed in the 

distilled 1,3-bis(phenylphosphino)propane. After the addition of 

de-oxygenated H2O to this mixture, only a small decrease of 1,3-bis(phenyl-

phosphino)propane and no change in 1-phenylphosphetane were observed 

in the 31 p NMR spectra. Purification attempts of the concentrated filtrate led 

to total decomposition of the 4-membered phosphetane ring, with dipropyl-

phenylphosphine, (C3H7)2PPh, being the major decomposition product. 

Reaction of Di-sodiumphenylphosphide. C^H^PNao. 

with BrfCHo^^^r in Liquid NH^ 

Sodium metal (1.84 g, 0.08 mol) was dissolved in 50 ml of liquid NH3 at 

-78°C. Dichlorophenylphosphine (3.058 g, 0.02 mol) in 50 ml THF then was 

added dropwise by means of a PED funnel to this dark blue solution. The 

reaction was very exothermic. The original dark blue solution turned to a 

yellow color after this addition. The temperature of the reaction mixture was 

slowly raised to room temperature. The color of the solution changed from 

yellow to dark blue to brick-red, and finally to an orange colored C5H5PNa2 

after evaporation of the liquid ammonia. Br(CH2)3Br (4.04 g, 0.02 mol) in 10 

ml of THF was added to this orange solution, which then continuously 

changed colors from brick-red back to yellow and finally to a cloudy white 

solution. The 31 p NMR spectra of this solution showed similiar peaks as the 

reaction between PhPLi2 and Br(CH2)3Br. The relative intensity ratio of 

1-phenylphosphetane versus (n-Pr)2PC6H5 is 1:5. After addition of 

de-oxygenated H2O the intensity ratio changed to 1:25. Any purification 

attempts only led to total decomposition of 1-phenylphosphetane. 
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Reaction of Di-Grignarri RrMq^HHo^^MpBr with 

CgHgPClg. 

The dl-grignard reagent'*'' was prepared in approximately 30-40% 

yield by combining Br(CH2)3Br with Mg in Et20 for 24 hours at room 

temperature. The C6H5PCI2 in Et20 solution was then slowly added to the 

dl-grignard reagent. An NMR sample was collected from the solution portion 

of this reaction mixture without any further purification. 31 p N M R showed the 

formation of about 1% 1-phenyl phosphetane along with the primary product 

di-propylphenylphosphine(n-Pr)2PC6H5. 

Attempted Svnthesis of Phosphetane from (C^H^^^P. 

Li and Br(CHo^>^Br. 

(C6H5)3P (2.62 g, 10 mmol) was refluxed with finely divided Li (0.28 g, 

40 mmol) in 50 ml of THF for 24 hours.^^ Together with the disappearance of 

LI, the colortess solution turned to yellow then to a brick-red color with a white 

precipitate formed. A t-BuCI solution (1.850 g, 20 mmol) was then added to 

react with the CgHsLi precipitate. Br(CH2)3Br (2.40 g, 10 mmole) in 20 ml of 

THF was finally added at a very slowly rate. 31 p N M R of this reaction mixture 

showed no formation of 1-phenylphosphetane product. 

Syntheses of Sterically Hindered Diphosphines 

Svnthesis of 1 •2-Diphenvldiphosphine. 

Phm^P-PfmPh 

DIphenyldiphosphine was prepared according to literature methods.'̂ 3 

C2H4Br2 was added to the fresh-made PhPHK solution at room temperature, 

the product, 1,2-diphenyldiphosphine Ph(H)P-P(H)Ph was formed with the 

deposition of KBr solid. The 31 p NMR spectra was collected directly from this 

mixture without further purification. The yield of 1,2-diphenyldiphosphine 

from the above reaction is about 30% according to 31 p NMR spectra. 

Reaction of Supermesitylphosphine. ArPHo. with 

Dibenzvlmercurv.DBM. Svnthesis of 
Disupermesityldiphosphine 

Supermesitylphosphine, ArPH2, prepared according to the literature 

method33, was mixed with equal amount of DBM in a NMR tube. After 

introducing THF as a solvent, this tube was evacuated and flame sealed. The 
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reaction at room temperature was continuously monitored by 31 p NMR. After 

20 hours, disupermesityldiphosphine Ar(H)P-P(H)PAr was produced in an 

approximately 70% yield based on the intensity ratio observed in the 31 p 

NMR spectra. The spectra cleariy showed two peaks In approximately a 1 : 6 

ratio. Heating the reaction mixture at 60°C for an extended period of time did 

not result in a greater yield. The same ratio was obtained with another 

synthetic method by Cowley, et al.^^ A shift reagent was added in order to 

identify the d,l pair from meso stereoisomer. The formation of disupermesityl 

diphosphine were also further confirmed by mass spectroscopy (M, m/e = 

554). 

Svnthesis of 1.2-Disupermesityldiphosphine. 
Ar(H^P-P(H^Ar. from Reaction of 
Supermestiyllithiumphosphide. ArPHfLiV and CCIj^ 

A quantitative amount of n-butyl-lithium in diethyl ether was slowly 

added to ArPH2 (Ar=supermesityl) in an ether solution via syringe with the 

exclusion of air.29 Without any further separation, CCI4 in ether solvent was 

added to the previous mixture at a fairly slow rate to prevent any vigorous 

reaction leading to polymeration. The31 P NMR spectra was obtained directly 

from the final reaction mixture. 31 p NMR data showed 2 peaks at -63.8 ppm 

and -63.2 ppm to be two diastereomers of the main products, Ar(H)P-P(H)Ar 

disupermesityldiphosphine. 



CHAPTER III 

FORMATION OF P-P BONDS FROM P-H BONDS 

Asymmetric synthesis is a very valuable tool, for it gives access to 

families of chiral compounds of current interest for mechanistic studies or for 

determining their biological activity. In the field of asymmetric synthesis, 

spectacular progress has been made by using homogeneous catalysis based 

on transition metal complexes modified by chiral ligands. Preparation and 

stereoselective transformation studies of chiral phosphines as ligands has 

also long been an area of interest for chemists. 

Stereochemistry of organophosphorus compounds, unlike organic 

compounds, has been studied for less than thirty years. Carbon compounds 

which contain 4 different groups attached to a single cariDon atom are chiral 

and therefore have d,l stereoisomers. Similar to a chiral carbon center, a 

tertiary phosphorus compound having three different groups attached to a 

single phosphorus center also is chiral. 

The inversion barrier of trivalent phosphonjs compounds is relatively 

higher than the analogous nitrogen centered compounds, 30-35 kcal/mole vs. 

24-30 kcal/mole. Therefore, the d,l stereoisomers should be isolable by some 

resolution methods such as adding diastereomeric transition-metal complex, 

following by fractional crystallization. 1^ 

Analogous to two chiral carbons compounds, compounds which contain 

two chiral phosphorus centers yield the d,l pair and the meso diastereomers. 

These two configurations can be detected by NMR spectroscopy. Maier̂ "* 

first successfully observed this phenomenon by NMR in 1961. 

Stereochemical studies of the reactions of diphosphines would be 

easier and simplier if the reactions started with a single stereoisomer. 

Therefore the synthesis of a single isomer is a primary goal of this research. 

In 1976, Rheingold^^ studied the reactions of several primary 

phosphines, arsines and stibines with dibenzylmercury (DBM). 

22 
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RPH2 + (C6H5CH2)2Hg ^ (RP)^ + 2C6H5CH3 + Hg° . (6 

Substituting the primary phosphines with secondary phosphines under the 

same reaction conditions, we hoped to synthesize compounds with 

phosphorus-phosphorus single bonds. The expected side-products, toluene 

and Hg° could be easily removed. The reactivity and reaction mechanism of 

DBM was also further Investigated by studying the reaction of DBM with 

several other organophosphonjs compounds. 

Synthesis of either a d, I pair or meso diphosphine via a simple 

synthetic route, one without classical resolution, was the prime goal of this 

reseach. The compound of choice was 1,2-diphenyl-1,2-diphospholane, 

also known as 1,5-dlphenyl-1,5-diphosphinocyclopentane(DDPP). 

In all known phosphorus cyclic compounds, the substituents adopt the 

trans position when possible to minimize steric replusion.^^ Therefore, in the 

heterocyclic ring, a single isomer predominates or Is formed exclusively. 

Based upon this observation, 1,2-diphenyl-1,2-diphosphlane is expected to 

adopt a single isomeric form. The synthesis of this compound was first 

reported by Issleib^^ from the reaction of Ph(Li)P-(CH2)3-P(Li)Ph with 

C2H4Br2, but the stereochemical conformation has never been investigated. 

Our synthesis involves the application of the coupling reagent 

dibenzylmercury. 2D COSY NMR was used to interpret and monitor the 

reaction. Also investigated was the possibility of the formation of the less 

stable cis isomer, stereochemistry of 1,2-diphenyl-1,2-diphospholane and 

reactions of dibenzylmercury with other reagents. 
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Results and Discussion 

The reaction of dlbenzyfmercury with various primary phosphines RPH2 

produces cyclopolyphosphines (RP)^ with all homocyclic 

phosphorus-phosphorus bonds. Similiar reactions can be used to synthesize 

cyclopolyarslnes with multiple arsenic-arsenic bonds,^^ e.g.,: 

REH2 + 5(C6H5CH2)2Hg ^ (RE)5+6C6H5CH3 + 5Hg (7] 

E=P, R=CH3. C6H5; E=As. R=CH3, C2H5 . 

In this research, when substituted primary phosphines RPH2 with 

secondary phosphines R2PH, the reaction with DBM produced a compound 

with a single phosphorous-phosphorous bond, a diphosphine R2P-PR2-

R2PH+(C6H5CH2)2Hg -» R2PPR2 + C6H5CH3 + Hg. R = CgHs (8) 

When stoichiometric quantities of (C6H5)2PH and DBM are used, a 85% 

yield of (C6H5)2P-P(C6H5)2 is obtained together with 10% of the substitution 

product, C6H5CH2P(C6H5)2. This reaction required 1 week at room 

temperature or 2 days at 60°C in either benzene or THF solvent. A slight 

excess of DBM does not affect the yield but does accelerate the reaction 

slightly. It is believed that the reaction proceeds via a free radical 

mechanism. Catalyzed by heat or light, DBM produces the benzyl free 

radical,CeH5CH2-, abstracting a H nucleus from a primary or secondary 

phosphine and producing a phosphidine radical.̂ ® Consecutive 

replacement of more proton nuclei from the primary phosphines leads to the 

formation of a cyclopolyphosphine. A combination of two secondary 

phosphines, on the other hand, yields the diphosphine as the final product. 

Some alternate pathways must also exist to account for the existence of other 

products, e.g., (C6H5)2P-CH2C6H5, and C6H5CH2CH2C6H5 

C6H5(CH2)2Hg ^ C6H5CH2* + Hg 

C6H5CH2- + (C6H5)2PH -> C6H5CH3 + (C6H5)2P-

(C6H5)2P- + (C6H5)2P- ̂  (C6H5)2P-P(C6H5)2 

(C6H5)2P- + C6H5CH2- ̂  (C6H5)2P-CH2C6H5 

C6H5CH2* + C6H5CH2* ̂  C6H5CH2CH2C6H5 . 
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The existence of the side product C6H5CH2CH2C6H5 from the above 
reaction was confirmed by GC/MS and NMR. Another side product, Ph2PBz, 
was confirmed primarily by 31 p NMR data using Grims group contribution 
method (also see Appendix A) , cal. -10 ppm, act. -10.5 ppm. 
(* chemical shift of trivalent phosphlne, RR'R-P can be calculated according to 
the following equation: 8(31 pj ^ ^g^pj ^ ^g^p.j ^ ^5 (R- ) , ^5(x) is the 

chemical shift contribution from X group.) 

A similar free-radical mechanism has also been proposed for the 

reaction between DBM and a primary phosphine with the formation of a 

phosphidine free radical, RP:.^^ jhe reaction of this free radical leads to the 

formation of various cyclic phosphines, the ring-size being dependent on the 

particular substltuent. 

C6H5(CH2)2Hg ^ C6H5CH2* + Hg 

2C6H5CH2 • + C6H5PH2 -> 2C6H5CH3 + C6H5P: . 

Decomposition of DBM also leads to the formation of mercury and 

1,2-diphenylethane C6H5CH2CH2C5H5. This proves that DBM is an 

abundant source of free radicals. CeH5CH2CH2C6H5 , on the other hand, is 

shown not to act as a coupling agent. Once formed it is very unreactive. This 

phenomenon can be demonstrated by reacting C6H5CH2CH2C6H5 with 

(CgH5)2PH. No reaction takes place for 3 months at elevated temperatures 

as monitored by 31 p NMR; only formation of 1,2-diphenylethane and some 

mercury were observed. The formation of mercury was believed to be from 

decomposition of dibenzylmercury. 

In contrast to the reaction of DBM with secondary phosphines, DBM 

reacts with dichlorophosphines RPCI2 to form primarily the substitution 

product RP(Bz)CI instead of the coupled product, R(CI)P-P(CI)R. Almost 

quantitative yields of PhP(Bz)CI can be obtained by reacting PhPCl2 with 

DBM at 60°C for 24 hours. 

RPCI2 + (C6H5)2Hg ^ RP(Bz)CI + BzHgCI. (9; 

R = C6H5.;Bz = C6H5CH2 . 
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It is likely that the above reaction occurs via a free radical mechanism of 

secondary phosphines analogous to that described above for primary 

phosphines. Analogous products are observed with dichloroarsine 

RAsCl2.^^ However, substituting dichlorophosphine RPCI2 with 

chlorophosphine R2PCI in the reaction with DBM leads to the coupled 

product, a diphosphine R2P-PR2, instead of the substitution product R2PBZ. 

Apparently when monochlorophosphine is used, the reduction product R2PH 

is first formed, leading to the same product as the reaction between a 

secondary phosphine and DBM, i.e., formation of a diphosphine. 

R2PCI + Bz2Hg — x ^ R2P(Bz) 

^ R2P-PR2 . (10) 

Unlike Li or Na, DBM is not able to break the P-C bond. This 

phenomenon was demonstrated by comparing the reaction of Li and 

{^6^5)3^^^ to the reaction of DBM and (C6H5)3P. The former reaction can 

be followed by observing the formation of the colored phosphide (for 

example, in THF solvent (C6H5)2PLi is dark red). In contrast, DBM with 

(CeH5)3P shows no reaction for 6 months at 120°C. However, Li is not a 

strong enough reducing agent to break the second P-C bond to form 

C5H5PLi2. A detailed discussion of this reaction is presented in next chapter. 

(C6H5)3P + Li ^ (C6H5)2PLi + CgHsLi 

(C6H5)3P + DBM -^ no reaction . (11) 

Specific di alky I mercury compounds have found application as effective 

reagents for coupling main-group hydrides to form new element-element 

bonds. For instance, diethylmercury is most effective on tin; an 86% yield of 

hexaethyltin is obtained from the reaction of triethyltin hydride and 

diethylmercury at 100°C for 3-5 hours."*^ 

2(C2H5)3SnH + (C2H5)2Hg -> (C2H5)3Sn-Sn(C2H5)3 + Hg + 2C2H6. (12) 

Dibenzylmercury, on the other hand, seems to be a more generally useful 

reagent for a variety of main-group elements like P, As, Sb, and Sn. 
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Dibenzylmercury does not always result in the highest yields. However, the 

above reaction of coupling triethyltin hydride with DBM rather than Et2Hg 

required higher temperature and resulted in low yields. Dl-arylmercury 

compounds do not produce coupling; rather an aryl group is substituted for 

hydrogen.^^ 

Using the reaction of (C6H5)2PH with DBM as a model reaction, we 

combined DMB with C6H5(H)P-(CH2)3-P(H)C6H5 hoping to obtain a single 

geometric isomer or distereomer by the same free radical mechanisms 

decribed above. 

—Ph + DBM Ph — P P —Ph 

The starting material for the above reaction 1,3-bis(phenylphosphino)-

propane was synthesized from the reaction of 2 portions of NaHPC6H5 with 1 

portion of Br-(CH2)3-Br in either THF or ether solvent. Attempts to purify the 

product by vacuum distillation resulted in an increase in impurities as 

monitored by 31 p NMR. One impurity, PhPH2, seemed to arise from the 

intramolecular elimination of C6H5PH2 from C6H5(H)P-(CH2)3-P(H)C6H5, 

as observed by 31 p NMR. 

;^P 
/ \ y/\ 

Ph hi H Ph 

+ PhPH, 

Using vacuum distillation, we were unable to separate the starting 

compound 1,3-bis(phenylphosphino)propane from the impurity. 
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1-phenylphosphetane. Due to immiscibility of these two compounds, they 
eventually separated into two layers over a period of 1 month. The synthesis 
of this 4-member phosphetane will be discussed in a later chapter. 

Since 1,3-bis(phenylphosphino)propane includes two chiral 

phosphorus centers, the possibility of meso and d,l distereomers exists. 

These two distereomers can be distinguish by 31 p[1 H] NMR. (Without adding 

a chiral agent, d and I stereoisomers are indistinguishable in NMR.) But due 

to the magnetic similarity of these two distereomers d,l and meso, only a 

small resonance frequency difference in the NMR spectrum is expected. In 

fact, only a 0.1 ppm chemical shift difference in 31 p chemical shift is 

observed. In the ''3c NMR spectra, the chemical shift difference between the 

diastereomers is apparently insufficient for separate resonances to be 

observed. Thus, only one triplet corresponding to C(2) and one doublet 

corresponding to C(1.3) is observed in 13c NMR spectnjm for both 

distereomers, where, 2jpQ = 8.2 Hz; 1 JpQ = 12.3 Hz and 3jpQ = 8.0Hz. 

The ^ 3c NMR, 31 p.1 H NMR and 13c-1 H NMR spectra of this propane 

and phosphetane mixture are shown in Figure 3.1, Figure 3.2, and Figure 

3.3., respectively, and the NMR data is tabulated in Table 3.1. 

As expected by analogy to most phosphines and diphosphines, 

oxidation of 1,3- diphenyl phosphinopropane results in a 1,3 dioxide.^1 The 

dioxide was confirmed by IR spectra^2 'o(P=0): 1159 cm'1 p̂̂ j 31 p N M R : 5 = 

22.3 ppm, 1 J(PH) = 463.2 Hz. The disulfide^3 cap ^Q obtained by reacting 

DPDP with an excess of elemental sulfur. This compound was confirmed by 

IR spectra \)(P=S): 601 cm'l and 31 p NMR: 5 =26.5 ppm, 1j(PH) =476.9 Hz; 

5= 25.8 ppm, 1 J(PH) = 472.3 Hz of d,l pair and meso diastereomers. 

Phosphorus-hydrgen coupling constants for both dioxide(463.2 Hz) and 

disulfide(478.8 Hz) are as expected. Attempts to obtain a single crystal of 

either compound have been unsuccessful. All IR data and 31 PNMR data are 

tabulated in Table 3.2. 
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Figure 3.2 31 p-1 H 2D NMR Spectnjm of 1,3-Bis(phenylphosphino)-
propane and 1-Phenylphosphetane Mixture. See Table 3.1 for data. 
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Table 3.1 NMR Data of the 1,3-Bis(phenylphosphino)propane and 
1-Phenylphosphetane Mixture. 

Compound 531 P[1 H]^ 513c[1 HjS'b Coupling Constants (Hz) 

Ph(H)P(CH2)3P(H)Ph -54.0 d C(2), 26.9, t ^jp^ ^ 3.2 

-54.4 d C(1,3),24.7, dofd 1jpc=12.3 
3jpc = 8.0 

PhP(CH2)2CH2 •8.4 s C(3), 29.8, d 
C(2,4) 30.0, d 

2jpc = 4.7 
1jpC = 13.6 

s = singlet, d = doublet. ^1,2,3,and 4 are the position of carbons. ac -

Table 3.2 NMR and IR Data of the 1,3-Bis(phenylphosphino)propane-1,3 
Dioxide and 1,3-Disulfide. 

Compound 

^ ^ ^ - ^ ^ 

H - P - 0 0 - P — H 
1 1 
Ph Ph 

r^ 
1 1 

H — P - S S = P —H 
1 1 
Ph Ph 

531 P[1 H]^ 

22.3 d 

26.5 d 
25.8 d 

JpH (Hz) 

463.2 

476.9 
472.3 

IR (\), cm-)t> 

3430 s, 3040 w. 2926 s. 
2359 w. 1705W, 1591w, 

1437 s, 1398W. 1249W, 

1159 s, 1116 s, 1068 w. 
979 m, 750 s, 694 s, 495 m 

3371 s, 3057 s, 2928 s, 
2328 m, 1969W, 1903W, 

1819 w, 1707 s, 1587 m, 

1487 s, 1435 s, 1400 s, 

1363 s, 1311 m, 1222 m, 
1180 s, 1149 s, 1116s, 
1026 m, 999 m, 956 s. 906 s 
802 m, 688 s, 632 s, 507 s. 

^d = doublet, ^s = strong, m = midium,w = weak, ^wo stereoisomers. 
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In the previous literature,1,2-diphenyl-1,2-diphospholane was 
synthesized by reacting C6H5(Li)P-(CH2)3-P(Li)C6H5 with C2H4Br2, but 
there was no discussion of stereochemistry and no NMR data of this 
compound given. This reaction was repeated to obtain the spectroscopic 
data. CeH5(Li)P-(CH2)3-P(Li)CeH5 was first prepared by reacting n-BuLi 
with 1,3-bis(phenylphosphino)propane. (In the literature, PhLi was used.) 
Both PhLi and n-BuLi produced C6H5(Li)P-(CH2)3-P(Li)C6H5, but the use of 
n-BuLi did speed up the reaction. After the addition of 1,2-dibromoalkane, 
40% of expected product, 1,2-diphenyl-1,2-diphospholane 
PhPCH2CH^CH2PPh, was produced, based on 31 p NMR. 

Ph 

Ph 

+ C2H^Br2 + C2H4 -»- 2LiBr 

Only one diastereomer, trans-1,2-diphenyl,1,2-diphospholane was 

observed by 31 p NMR spectra, because the trans arrangement minimizes 

R-group R-group and lone-pair lone-pair repulsions. Therefore, only one 

peak corresponding to single diastereomer, the trans configuration (d.l pair) 



34 

was observed in 31 p N M R spectra. The ''3c NMR spectrum of 

PhPCH2CH2CH2PPh, 1,2-diphenyl,1,2-diphospholane, showed two peaks 

of approximately 1 : 2 intensity ratio corresponding to C(2) and C(1,3) at 31.2 

ppm and 33.8 ppm, respectively. 

The ^3c NMR chemical shifts for C(2) and C(1.3) (31.3 and 33.8 ppm. 

respectively) in 1,2-diphenyl-1,2-diphospholane change relative positions to 

the shifts In the starting compound 1,3-bis(phenylphosphino)propane, with 

C(2) (26.9 ppm) and C(1,3) (24.7 ppm). The reason for this phenomenon is 

that ^3c NMR chemical shifts are highly dependent on the substituent on the 

carbon center in question. These substituent effects are not only pronounced 

at the a position, but also equally large at the p and y position,or even three 

bonds away, at the 5 position. Even though the effect of the specific 

phosphorus compound substitutents has not been studied in detail, a study of 

the other substitutent effect calculations, i.e., Grant-Paul calculation for 

alkanes and LIndeman-Adam method "̂̂  for all other substituents, 13c NMR 

chemical shifts can be calculated empricially. In order to understand the 

contribution of the individual substitutents, i.e., P-H,P-Ph, P-P, on 13c NMR 

chemical shifts, the following assumptions and calculations are necessary. 

First, several model compounds with known 13c NMR chemical shift are 

selected, as follows: 

C(2): 2 a -CH2 

(A) "•» (^ ^ ]l:;% 
C(1.3): 1 a -CH2 

1 a -PH 
1 a -P-P 
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(B) 

26.9 

y^ 4 . 7 y f 

Ph —P 
1 

H 

V 

) 
m 

P -
1 
H 

1 

•Ph 

C(2) : 2 a -CHj 
2 P -PH 
2 P -PPh 

C(l,3): 1 a -CH2 
1 a -PH 
1 a -PPh 

(C) 
33.8 

Ph —P P —Ph 

C(2) : 2 a -CH2 
2 P -PPH 
2 p -P-P 

C(1.3): 1 Ot -CH2 
1 a -PPh 
1 a -P-P 

(D) 
30.3 C(2) : 2 a -CH2 

1 P -P-P 

C(l,3): 1 a -CH2 
1 a -P-P 

Comparing the chemical shifts, the following relationships are established: 

C(1,3): aP-P->aP-Ph 
aPH ^aP-Ph 
aPH -^0 

+0.7 ppm 
+9.8 ppm 
+6.3 ppm 

A-^B 
A-»C 
A ^ D 
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a PH -^ a P-P +9.1 ppm B ̂  C 

C(2): p P-P -> 2p P-Ph 
2p PH -^ 2p P-Ph 
2p PH ^ 0 
2p PH -> p P-P 

-7.8 ppm 
-3.5 ppm 
-4.8 ppm 
+4.3 ppm 

A ^ B 
A ^ C 
A ^ D 
B->C 

Assuming that bond angles in the compounds studied are similar, then the 

shift differences are due to the different substitutents. From the data collected 

above, the following shift contribution factors are determined. 

a P-H -6.3 ppm 

P P-H +2.4 ppm 

a P-Ph +16.1 ppm 

p P-Ph +0.65 ppm 

a P-P +15.4 ppm 

PP-P +9.1 ppm 

When enough data is collected, 13c NMR chemical shift of the phosphorus-

substituted compounds will be empirically calcuable. 

The prime goal of this reseach is to synthesize the cyclic diphosphine 

(1,2-diphenyl,1,2-diphospholane) by a simpler way, i.e., by a single step. As 

discussed eartier, dibenzylmercury (DBM) is a very good coupling reagent for 

the formation of a phosphorus-phosphorus single bond. Therefore, reaction 

of 1,3-bis(phenylphosphino)propane, a secondary phosphine, with DBM 

should lead to the formation of cyclic 1,2-diphenyl-1,2-diphospholane with a 

phosphorus-phosphorus bond. This prediction is based on analogy to other 

studies of P-H and As-H bonded compounds, as discussed above. Most 

importantly, since most cyclic polyphosphines exist in single conformation in 

which the substituents adopt the trans conformation, we expect only a single 

diastereomer to be produced. Therefore, via a single step, theoretically, a 
r 1 

single diastereomer of the cyclic diphosphine, C6H5P(CH2)3PC5H5 

1,2-diphenyl,1,2-diphospholane, would be achieved. 

However, the reaction of 1,3-bis(phenylphosphino)propane with DBM, 

instead of producing 1,2-diphenyl,1,2-diphospholane, produced primarily 
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1,3-bis(phenylbenzylphosphino)propane with no evidence of any expected 

product 1,2-diphenyl,1,2-diphospholane. 31 p[1 H] NMR spectra clearly 

showed two peaks with equal intensities at -19.0 ppm. These two peaks 

correspond to d,l and meso diastereomers of BzPhPCH2CH2CH2PPhBz 

1,3-bis(phenylbenzylphosphino)propane. For the desired product 

1,2-diphenyl,1,2-diphospholane, only a single peak in 31 p[1 H] NMR spectra 

would appear. 31 p N M R chemical shift difference of these two peaks are 

highly solvent dependent. For instance, the difference is 0.10 ppm in THF, 

and 0.85 ppm in CgHg. Varable temperature NMR measurement indicated 

that up to 80°C, no tranisomerization was observed. 

The 31 p NMR chemical shift assignment of these two diastereomers of 

1,3-bls(phenylbenzylphosphino) propane was further supported by 

comparsion to a known compound, 1,3-bis(diphenyl-phosphino)propane (5 = 

-17.3 ppm).^^ Substituting two phenyl groups with two benzyl groups should 

result in upfield shift of 1 to 2 ppm, according to Grims' Group Contribution 

theory. Therefore, -19.0 ppm is a fairly reasonable figrue for the product, 

1,3-bis(phenylbenzylphosphino)propane. 

n n n 
Ph-P P-Ph Ph-P P-Ph Ph-P —P-Ph 

I I I I 

Ph Ph Bz Bz 
-17.3 ppm -18.6 ppm -25.6 ppm 

-19.4 ppm 

The formation of 1,3-bis(phenylbenzylphosphino)propane was further 

identified by its 13C[ ' 'H] NMR spectra (Figure 3.4). Three areas of peaks can 

be observed and were assigned as: 22.3 ppm (approximate triplet) for C(2); 

28.5 ppm (approximate triplet) for C(1,3); and 36.3 ppm (doublet of doublets) 

for the methylene cariDon on the benzyl group. The relative intensity ratio of 

these three areas is approximately 1:2:2. Also in the 13c DEPT spectra 

(Figure 3.5), it is clearly indicated that all three areas belonging to methylene 

carbons. 
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''3c-1 H 2D spectrum (Figure 3.6) also support the stnjcture of 1,3-bis-

(phenylbenzylphosphlno)propane. In this spectrum, the 22.3 ppm ''3c peak 

correlates to the 1.5 ppm 1H peaks; the 28.5 ppm 13c peak correlates to the 

1.8 ppm ^ H peak. Both 1H NMR peaks show multiple splittings from 

neighboring-CH2's. The 36.3 ppm 13c peak correlates to the 3.0 ppm 1H 

peak. A '' H NMR chemical shift of 3.0 ppm is an appropriate range for benzyl 

hydrogens. Also supporting the assignment is the doublet proton splittings of 

'' H peaks, resulting from coupling with the phosphonjs atom. 

Reaction of both 1,2-diphenyl-1,2-diphospholane and 

1,3-bis(phenylbenzylphosphine)propane with an excess of sulfur yielded 

corresponding di-sulfides, quantitatively. Because both diphosphines are 

very air-sensitive, x-ray crystal determination was not practical. However, 

their sulfides are relatively stable, and a study of the x-ray structure of the 

sulfides could give us stereochemical knowledge of its precursor diphosph

ines. Recovery of the diphosphines can be achieved by adding the 

desulfurization reagent, Si2Cl6 with inversion of stereochemistry.^^ 

Most transformations of P-chiral compounds are known to be 

stereospecific or highly stereoselective under certain conditions. Some 

nucleophilic displacement reactions of P-chiral compounds are demonstrated 

in Scheme.^^ 
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Si2Clg (Inversion) 
RR'RTO • RR'RT 

PhSi3(Retention) 

S8(Retention) ^ pp-p-ps 

H202(Retention) 
^ RR'RTO 

Se(Retention) 
• • RR'R"PSe 

Because the retention of configuration with sulfurization, each of the two 

diastereomers of 1,3-bis(phenylbenzylphosphino)propane should maintain 

its own specific configuration. However, we were not able to observe two 

diastereomers by 31 p NMR, with only a single peak at 47.0 ppm. The 

chemical shifts of these two sulfurization diastereomers apparently are very 

close to each other; therefore no resolution is observed. 
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Q. 
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1,3-Bis(phenylbenzylphosphino)propane disufide, unlike its precuror 

1,3-bis(phenylbenzylphosphino)propane, is insoluble in most common 

organic solvents including acetone and CS2. The determination of the 31 p 

NMR in liquid state,therefore, is impractical. However, the structural 

assignment was supported by its mass spetrum (M+: 504, M-Bz: 413, M-BzS: 

381, M-BzPPhS: 273, BzPPhS+: 231 .CyHy+i 91.). 

Both 1,3-bis(phenylphosphino)propane di-oxide and 

1,3-bis(phenylphosphino)propane di-sulfide are less reactive than their 

parent compound, 1,3-bis(phenylphosphino)propane, towards DBM. The 

reaction of both compounds with DBM required more rigorous conditions 

(80°C) and longer reaction times (1 week) without producing the coupling 

products, e.g., diphospholane dioxide and diphospholane disulfid, according 

to observation by 31 p NMR . 

As an adjucent to our studies on the formation of 

phosphorus-phosphorus single bonds, we re-investigated the reaction of 

(C6H5)2PCI and Mg.37 We found not only the expected 1,2-diphenyldiphos-

phlne (C6H5)2P-P(C6H5)2, but also(C6H5)2PH in a 2:1 ratio. When air is 

not excluded, the expected oxidation products (CeH5)2P(0)-(0)P(C5H5)2, 

(C6H5)2(0)P-P(C6H5)2 were also formed. Therefore, this is not a 

straight-forward reaction. Depending on the reaction conditions of solvent, 

temperature, and reaction time, different product distributions are expected. 

NMR data for all the of compounds are tabulated in Table 3.3. 

Ph2PCI + Mg -4 Ph2P-PPh2 + Ph2PH . (13) 

The hydrolysis of Ph2PCI in the presence of Lewis base Et3N^^ is 

expected to produce only Ph2P(0)-PPh2. However, we found that this 

reaction produced not only Ph2(0)-PPh2, but also Ph2P(0)-(0)PPh2 and 

Ph2P(0)H, in a ratio of approximately 1.0 : 0.1 : 0.8. The following 

mechanism was proposed in order to explain this phenomenon. 

Ph2PCI + HOH -^ Ph2P(0H) + HCI 

Ph2P0H -^ Ph2P(0)H 
Ph2P(0)H + Ph2PCI + Et3N ^ Ph2P(0)-PPh2 + Et3NHCI 

Ph2P(0)H + Ph2P(0)CI + Et3N ^ Ph2P(0)-(0)PPh2 + Et3NHCI . 
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Table 3.3 NMR Data of the Reaction Ph2PCI + Mg 

Compound 531 p(ppm) in CDCI3 531 p(ppm) in CQDQ 

Ph2P(0)PPh2 (38.3.33.2); (35.9,30.5) 
(-19.5,-25.5) (-21.9,-27.3) 

Ph2(0)PP(0)Ph2 28.2 25.6 

Ph2P(0)H 21.3 16.4 

Ph2P(0)0H 20.5 23.4 
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The driving force was the formation of Et3NHCI salt. Therefore, without the 
involement of the Lewis base R3N the reaction was more likely to produce 
mainly Ph2P(0H) or Ph2P(0)H. An excess of water also decreased the 
production of Ph2P(0)-PPh2 and Incresed the formation of Ph2P(0)H and 
Ph2P(0H). Ph2P(0)-(0)PPh2 was formed from the reaction of Ph2P(0)H and 
Ph2P(0)CI with the same driving force. This small amount of Ph2P(0)CI was 
the result of oxidation of the starting material, Ph2PCI. When using the pure 
Ph2PCI, no Ph2P(0)P-(0)PPh2 was observed, as expected. When oxygen 
was involved, the previous reaction resulted in the formation of 
Ph2P(0)-(0)PPh2 instead of Ph2P(0)-PPh2.^3 

2Ph2PCI + 2R3N +H2O ^ Ph2P(0)-PPh2 + 2R3NHCI (14) 
2Ph2PCI + 2R3N +H2O + 1 / 2 0 2 ^ Ph2P(0)-(0)PPh2 + R3NHCI . (15) 

The most surprising result came when the hydrolysis and oxidation of 
C5H5PH2 were simulataneously studied. Not only were the expected 
hydrolysis products, C6H5P(0)H(OH), C5H5P(0)(OH)2, and the oxidation 
product, CeH5P(0)H2 present, but also a trace amount of 
C6H5P(H)-(H)PC6H5 was found. The C6H5(H)P-P(H)C6H5 apparently 
resuls from catalytic quantities of water and O2. Even though the exact 
reaction route is unknown, further studies should be very valuable in the 
synthesis of R(H)P-P(H)R type compounds. 



CHAPTER IV 

PHOSPHETANES 

During purification of 1,3-diphenyl-1,3-diphosphinopropane, an impurity 

was found with a 31 p NMR chemical shift of -8.4 ppm. This impurity could not 

be separated by vacuum distillation, but after three months, it settled to bottom 

of the storage tube due to immiscibility with the other products. Investigation 

of this impurity by NMR methods led us to believe this compound is the 

4-membered ring 1 -phenylphosphetane. 

The first synthesis of a phosphetane compound (phosphetane oxide) 1 ^ 

involved the reaction of equimolar amounts of 2,4,4-trimethyl-2-pentene, 

PCI3, and AICI3 in methylene chloride at 0°-10°C for one hour. Hydrolysis of 

the product gives 2,2,3,4,4-pentamethylchorophosphetane oxide. The acid 

and methyl ester can be easily obtained from this phosphinic chloride. 

I ^^^ 1.PCl3,AICl3 
Me—C-CH=C. ^ ^ ^ 

I ^ 2. H9O 
Me 

Another synthetic method of phosphetane compound (3-methylphosphetane 

oxide) involved reacting dichloroisobutane with monosodiumphenyl 

phosphide, followed by oxidation with hydrogen peroxide.^^ 

45 
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CHgCI 

Me —C—H 

CHgCI 

1. PhPHNa 

2. H2O2 

For the first synthesis above, Mcbride, et al.,^^ assigned an ionic 

mechanism, presumed to be Initiated by the formation of the species 

Cl2P"''AICl4". A carbonium ion formed that undergoes an ordinary 1,2-shift to 

a more stable tertiary structure. Intramolecular alkylation on phosphonjs then 

forms the phosphetane ring. 

Me -

Me 
I 

C-CH 
I 
Me 

C-Me 
I 
Me 

Me 
CIgP* I + 
-• • Me-C —OH 

Me— 

Me Me 
I I 
C - C H 

Me 
I 

C —Me 

PCI. 
AlCI 

The success of this synthesis is dependent upon a branched carbon 

next to the double bond, for the shift only occurs if a tertiary carbonium ion 

can result. Thus, synthesis of a non-derivatized phosphetane is not possible 

by this method. 

A similar ionic mechanism could also be proposed for the second 

preparation above, even though no literature reference proposing such a 

mechanism could be found. 
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Although the heterocyclophosphorus chemistry of 5-membered ring 

phospholanes and 6-membered ring phosphorinanes has reached a mature 

stage of development, the study of most of the other ring systems are in 

relatively primitive condition, and new synthetic methods are badly needed. 

The 4-membered ring phosphetanes can serve as models for spectroscopic 

studies and for tests of concepts for reactions passing through the 

pentavalent state. However, the principle synthetic method discussed above 

is of limited scope, and produces phosphetanes only with C-methyl 

substitutents that can obscure some of the properties of the parent ring, 

RPCH2CH2&H2. Furthermore, only one phosphetane is presently known 

with functionality other than that at phosphorus (a 3-carboxy derivative). 

The synthesis of this unsubstltuted phosphetane was first attemped by 

the reaction of a di-metalphosphide with dibromopropane in THF or liquid 

ammonia solvent. Another method involves the reaction between the highly 

reactive di-Grigrard reagent BrMg(CH2)3MgBr with dichlorophosphine in THF 

or diethyl ether. 

C6H5PM2 + Br(CH2)3Br 

( M = Na, Li) 

+ C6H5PCI2 

MgBr MgBr 

A similar synthesis has been used to prepare phospholanes.^l -̂ ^ 
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MgBr 

Me2NPCl2 

'—MgBr 

MgBr 

PSCl 

MgBr 

dry HCI 

30% HNO 
^ 

Results and Discussion 
The goal was to synthesize and characterize the non-substituted 

4-member ring phosphetane RP(CH2)20H2. Patents describe the syntheses 
of several phosphetanes from phosphines or subsitituted phosphines.^3,64 
The general approach may be deserving, but no confirmation of structure was 
presented. 

RPH2 + Na + X(CH2)nX -^ RP(CH2)2CH2 X = Br, CI. 

We tried various synthetic routes which will be discussed. The first attempt 

was to synthesize the unstable C6H5PLi2, then immediately react it with 

Br(CH2)3Br in THF. The rationale was to cyclize this heterocyclic ring 

between 1 molecule of C6H5PLi2 and 1 molecule of Br(CH2)3Br, eliminating 

2 molecues of LiBr. The concentration of the reagents and the addition rate 

proved to be very critical in this method. A successful synthesis required a 

very dilute solution of both reagents (ca. 1 %) and a very slow addition rate 

ca. 10 drops/min. The highest yields obtained from this synthetic route are 

about 20% 1-phenylphosphetane. 31 p NMR spectrum is shown in Figure 
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4.1. The order of reagent addition was not important. However, when the 

addition rate is increased, the di-substituted product, bis(3-bromo-isopropyl)-

phenylphosphine C6H5P(CH2CH2CH2Br)2 predominated; further 

substitution of Br's with H's of the solvent finally led to the formation of the 

most stable compound, C6H5P(CH2CH2CH3)2. Also produced in trace 

amounts was 1,3-bls(phenylphosphino)propane (DPDP). Excess PhPLi2 will 

lead to the formation of di-lithium diphosphide, which with the further proton 

abstraction from the solvent yields 1,3-bis(phenylphosphino)propane. On the 

other hand, excess Br(CH2)3Br leads to the formation of another major 

product, bis-propylphosphine C6H5P(CH2CH2CH3)2. Bis-propylphosphine 

could also arise from decomposition of the phosphetane. The following 

scheme explains the possible products. 

PhPLig + Br(CH2)3Br 

excess PhPLI 

r) 
Ph-P P-Ph 

I I 

LI Li 

H (solvent) I 
i -PPhH. 

A • 
Ph-P P-Ph 

I I 

H H 

excess Br(CH2)3Br 

Ot 

PhP(CH2CH2CH2Br)2 

P ^^decomp. 

Ph 

H (solvent) 

PhP(CH2CH2CH3)2 

All compounds were identified using NMR spectroscopic methods, 

including 31 p NMR, "• 3c NMR, DEPT and 2D NMR. NMR data of these 

compounds are compiled in Table 4.1. The ^3c DEPT spectra of the 

PhP(CH2CH2CH3)2 enabled identification of the gamma methyl group and 

the alpha and beta methylene groups. C6H5PLi2 was synthesized by 
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Table 4.1 NMR Data of the Reaction PhPLi2 + Br(CH2)3Br. 

Compound 531p[lHia 5l3c[lH]a''^ Coupling Constants (Hz) 

PhP(CH2)2CH2 -8.4 s C(3),29.8.d ^JpQ = 4.7 
C(2,4),30.0,d 1jpc = 13.6 

PhP(CH2CH2CH3)2 -27.6 s C(a),25.5,d 1 Jpc = 11.5 
C(p),21.6,d 2 j p ^ ^ 3 4 
C(Y),15.6,d 3j 8 6 

PhP(CH2CH2CH3)2 -26.8 s 

PhP(H)(CH2)3(H)PPh -54.4 d C(2),26.9,t ^JpQ = 8.2 
-54.0 d C(1,3),24.7,dofd 1jpc = 12.3 

3jpQ = 8.0 

% = singlet, d = doublet. ^1,2,3,4,a,p,and 7denote cariDon positions. 
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reacting C6H5PCI2 with a four-fold molar excess of fresh Li pieces. The 31 p 

NMR indicated one intermediate compound, C6H5PCrLi+, 5 = -5.04 ppm, 

and the product. C6H5PLi2,^5 5 = -80.76 ppm. Both exhibited very broad 

peaks with w-|/2 greater than 1000 Hz. 

C6H5PCI2 + 4Li -> C6H5PLi2 + 2LiCI 

C6H5PLi2 + Br(CH3)2Br -> C6H5P(CH2)2CH2 + C6H5P(C3H6Br)2 

+ C6H5P(CH2CH2CH3)2 + LiBr . 

The isolation of the pure phosphetane proved unsuccessful, probably 

due to the reactivity of this un-substltuted compound. The purification process 

led only to the formation of PhP(CH2CH2CH3)2. It is thought that the 

phosphetane gradually decomposes into PhP(CH2CH2CH3)2, but the factors 

effecting the decomposition were not elucidated. 

A second attempt to synthesize the unsubstltuted phosphetane was 

carried out using C6H5PNa2 and Br (CH2)3 Br in both THF and liquid NH3 

solvents. Similar to the previous attempt, concentration and addition rate 

were prime determining factors. Dilute reagents and solw addition rates are 

essential for the success of the reaction. Attempts in THF were unsuccessful, 

likely due to the difficulty of fomiing C6H5PNa2 in THF. When performed in 

liquid NH3, the best yield obtained was 15%, with initial concentration of 1% 

of both reagents and a 10 drop per minute addition rate. PhP(CH2CH2CH3)2 

was again the predominant product, as in the previous attempts. After 

addition of deoxygenated water, the population of 1-phenylphosphetane did 

not appear to change, indicating its stability towards hydrolysis, as expected. 

Believing that 1-phenylphosphetane to be thermodynamically unstable, we 

heated the unseparated mixture of 1,3-bis(phenylphosphino)propane and 

1-phenylphosphetane (3 :1 mole ratio) at 200°C for 3 days in vacuo. No 

reaction occurred, indicating both compounds are thermodynamically stable. 

The difficulty in isolation must relate, therefore, to oxygen sensitivity. 

The third attempt at synthesis of phosphetane involved the reaction of 

the dl- grignard BrMg (CH2)3 MgBr with PhPCl2. The formation of the 

di-grignard from the reaction of di-bromide and Mg turnings was not a 

straightforward reaction. Only a 30% yield of the desired product could be 

recovered. Several other products are obtained from this reaction, the major 
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ones being MgBrCH2CH=CH2 and MgBrCH2CH2CH3. The MgBr2 formed 
during the reaction catalyzes decomposition of the di-grignard to 
MgBrCH2CH=CH2.^' The purification process included addition of a small 
portion of THF to dissolve the MgBr2 and other impurities, and convertion of 
the excess di-grignard to (MgCH^CH^H2)n. Mixing a 1:1 ratio of 
(MgCH2CH2CH2)n and MgBr2 in diethyl ether afforded the pure 
di-grignard. Without the appearance of MgBr2, the di-grignard is fairiy stable 
in Et20.41 

Br(CH2)3Br + Mg J U l I ^ | I + 1 ^ 1 
MgBr MgBr MgBr MgBr 

MgBr, n 
MgBr MgBr MgBr 

r ^ .THF -(/^)n 
MgBr MgBr Mg 

Mg 

E t O ^ ^ 1 ^ 
MgBr MgBr 

1-Phenylphosphetane was not formed upon reaction of the di-Grignard with 
PhPCl2. The main product possessed a 31 p NMR chemical shift of +37.6 
ppm. The compound was identified by comparison of its chemical shift to the 
chemical shifts of known substituted phenyl-phosphetanes and their oxides, 
assuming the other substituents not directly on the phosphorous atom have 
little or no effect on the 31 p NMR chemical shift.35 
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+4.4 ppm +51 ppm ^8 = 46.6 ppm 

If 

Ph O 
o J, r,-,rs A5 = 46.0 ppm 

-8.4 ppm +37.6 ppm ^^ 

From the above comparison, the compound at +37.6 ppm is assigned to the 
oxide of 1-phenylphosphetane. The formation of the oxide instead of the 
phosphetane may be attributed to the reactivity of the di-grignard or the 
phosphetane. However, even after more stringent efforts to exclude oxygen 
from the reaction mixture, we were not able to observe formation of the 
phosphetane. 

The final attempt to synthesize the phosphetane involved the reaction 
of Br(CH2)3Br with C6H5PLi2.^^ The latter can be formed by reacting 
triphenylphosphine and lithium metal at room temperature for 18 hours.^^ 
When this method did not give any noticable results, more stringent reaction 
conditions were applied. After heating the reactants to 50°C for 24 hours, a 
dark red solution was observed. Unfortunately, later analysis showed this red 
solution to be the monosubstituted product, (C6H5)2PLi. Addition of 
Br(CH2)3Br to this solution, again, never produced any observable 
1-phenylphosphetane PhPCH2CH^H2. 

Britt and Kaiser^^ proposed a radical anion mechanism for the reaction 
of triphenylphosphine with an excess of an alkali metal. Therefore, any 
further attempt of this synthesis was not thought worthwhile. 

Ph3P + 2M -^ Ph2PM + MPh 
Ph2PM + M -^ Ph2PM-- + M"*". 
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1-Phenylphosphetane was also produced when 1,3-bis(phenylphosphino)-
propane was purified by vacuum distillation. A intramolecular elimination 
mechanism is proposed for the formation the 1-diphenylphosphetane. 

^ P 
/ \ y/\ 

Ph ri H Ph 

+ PhPH, 

This mechanism is supported by the observance for C6H5PH2 in the 
31P NMR. If the proposed mechanism is connect, the intramolecular 
elimination of one molecue of HBrfrom C6H5P(H)(CH2CH2CH2Br) should 
also produce 1-phenylphosphetane. Even though this reaction has not yet 
been attempted, it provides a likely route to 1-phenylphosphetane. 

y^ Br 

L I H 

I 
Ph 

+HBr 

All attempts have proved to be unsuccessful. A Lewis base e.g.. Et3N may 
be needed to drive off the HBr. Other catalytic factors should also be taken 
into consideration. 



CHAPTER V 

STERIC HINDERED DIPHOSPHINES 

When reinvestigating Yoshifuji's synthesis of diphosphene ArP=ArR,23 

Ar = supermesityl, Cowley discovered that the reaction of supermesityllithium-

phosphlde, ArPH(Li), with chlorinated reagents, e.g., CCI4 or CHCI3, resulted 

indl-(2,4,6-tri-tert-butylphenyl)diphosphlne (disupermesityldiphosphine), 

(ArPH)2, almost quantitatively. The NMR data was also reported, but no 

indication of the formation of stereoisomers was given. 

Our investigation started with repeating Cowley's process to reexamine 

the stereochemistry and NMR data for (ArPH)2. We also reacted supermesityl 

phosphine. ArPH2, with dibenzylmercury (DBM), hoping to obtain the same 

product. The object of this research was to elucidate the stereochemistry of 

this type of phosphorus-phosphoms bonded compounds, and to understand 

the factors controlling the isomer populations. 

For most unsymmetric diphosphines, the two diastereomers (d,l pair and 

the meso isomers) would be expected to occur in equal proportions. 

Separation of these diastereomers can prove to be very difficult, but 

identification can be made by modern spectroscopic methods. Separation of 

these two diastereomers of disupermesityldiphosphine is an object of this 

research. 
Albrand and Robert,^^ using optically active solvents and varying 

magnetic field strengths, successfully assigned the meso and d,l 
distereomers of diphenyldiphosphine Ph(H)P-P(H)Ph. Similarly, the 
diastereomers of (CF3PH)2^3 were identified by variable temperature 

measurements. 
The thermodynamic factors responsible for the stability of these 

diastereomers based on the previous researches 3̂ 9 found to be : 

(1) gauche relationship of the lone pairs, 
(2) trans relationship of the electronegative groups, 

56 
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(3) maximum number of gauche interactions between the lone pairs and 

the polar P-C bonds 

Steric effects in the formation of these diastereomers has never been 

studied previously. According to our studies, the introduction of the super 

bulky group not only can dictate the most stable conformer of the d.l and 

meso diastereomers, but also affect the population of these two 

diastereomers. Because of the great enantiomeric excess (e,e), this may be a 

potential synthetic method for the preparation of optically pure phosphonjs 

compounds. 

This study primarily focuses on the application of the multinuclear NMR 

to interpret the unusual population of two diastereomers. NMR data of all the 

relative compounds will also be reported. The thermodynamic stabiliy of 

disupermesityldiphosphine, (ArPH)2, will be studied by monitoring by high 

field 31 p NMR. Also studied is the thermal decomposition process of (ArPH)2 

together with its mechanism. 

Results and Discussion 

The reaction of DBM with many primary phosphines results in the 

formation of cyclopolyphosphines, the ring size being dependent upon the 

different substituents being used.^^ For example, a 5-membered ring is 

obtained for (C6H5P)n and 4-membered ring for (CF3P)p.^e But when a 

super-bulky group is introduced, no ring structure is formed due to the steric 

hinderance, but Instead a dimer is formed, R(H)P-P(H)R. 

RPH2 + (C6H5CH2)2Hg -» (RP)n R = CgHs, CH3, CF3, etc 

-^ RP(H)-(H)PR R = supemiesityl. 

The reaction mechanism involving the use of the coupling reagent DBM has 

been discussed in Chapter III. Benzyl free radicals C6H5CH2- form first, 

which abstract a proton from ArPH2 to form ArPH- free radical. Consecutive 

abstraction of the remaining proton ought to occur and lead to formation of 

cyclophosphines with multiple phosphorus-phosphoms bonds. Due to the 

extreme steric hinderance of the supermesityl group, a dimer, Ar(H)P-P(H)Ar 

disupermesityldiphosphine is formed instead. 
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The 31 p NMR spectrum of the reaction of ArPH2 and dibenzylmercury is 

shown In Figure 5.1. We also repeated Cowley's procedure.^^ collecting 
NMR data in order to compare these two synthetic routes. ArP(Li)H was first 
prepared by reacting n-BuLI solution with ArPH2. Several chlorinated 
reagents then were added to the ArP(Li)H solution to produce disupermesityl
diphosphine. Of the reagents tried, CCI4 gave the most satsifactory results; 
reagents like CHCI3 led to poor yields. The 31 p NMR of the reaction of 
ArP(Li)H and CCI4 is shown in Figure 5.2. The results are almost identical for 
the two different synthetic methods, both showning the same ratios of the two 
diastereomers. The only difference is that the DBM reaction has broader 
peaks, probably arising from the involvement of free mercury in the reaction. 
Synthesis of (ArPH)2 by using DBM apparently has advantages over 
Cowley's synthesis. First, it requires only one simple, direct step. Secondly, 
it avoids the use of unstable species, i.e., ArP(H)Li in Cowley's method. 

Diphosphines. R(H)P-P(H)R, with two chiral phosphonjs centers consist 
of a d,l pair and meso diastereomers. Both diastereomers should have a 
AA'XX' spin system in the 31 p NMR spectrum. Sometimes these two 
diatereomers can be clearly distinguished by hydrogen-decoupled 31 p NMR. 
With the help of computer simulation, coupling constants and chemical shifts 
can be extracted. However, most of the time in order to identify the d,l and 
meso diastereomers special techniques are needed . 

, p — 
R'* 1 

H 

- P . . 
1 'R 
H 

..,P — 
R'* 1 

H 

- P . . . 
1 'H 
R 

Meso d,l 

Special techniques are also required to determine the most stable 

conformation of these diasteromers. First, the unstable eclipsed conformation 

can be excluded. The forcus is primarily on the more stable gauche 

conformations shown below: 
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-BS.O •57.3 - 7 0 . 0 -72 .S -7S.0 - 7 7 . 5 -60.0 

Figure 5.2 31 p N M R Spectra of the Reaction ArP(Li)H+ CCI4. Upper 
spectrum is proton decoupled. Lower spectrum is proton coupled. See 
Table 5.4 for data. 



61 
Meso 

H " R V H R •• : R m m 
hi H 

( t ) ( g ) 

d,l V ... ^ R H 

R^V^H R̂ V̂ Ĥ R K ^ H 
H R 

( g i ) (92) ( t ) 

1,2 diphenlydiphosphine, CgH5P(H)-(H)PCeH5 can occur in two 

diastereomeric forms, the meso and the d,l form. Both coupled and 

proton-decoupled 31 p NMR are shown in Figure 5.3. The assignment of 31 p 

NMR peaks due to these distinct forms is possible using an optically active 

solvent at two different applied magnetic fields.^^ 

The meso form of the diphosphine possesses two phosphroms atoms 

that have opposite absolute configurations. Thus, in a chiral solvent, these 

two phosphorus atoms become diastereotopic, and a proton-decoupled 31 p 

NMR shows a four line AB splitting pattem. 

The d,l form of the diphosphine, on the other hand, possesses two 

phosphorus atoms with the same absolute configuration, i.e., (S,S) or (R.R). 

Thus in a chiral solvent, these two phosphorus atoms remain isochronous 

and the 31 P[1 H] NMR shows two one-line A2 patterns. The NMR spectral 

parameters J and 5 for 1,2 diphenlydiphosphine are given in Table 5.1. 

Because of the small shift caused by most chiral solvents, many 

diastereomeric of diphosphines will not be identifiable by this method. 

INDO calculations of "̂  J(PP) in P2H4^^ show that this particular 

coupling is highly dependent upon the bond orientation around the 

phosphorus. This data also indicates that this coupling constant increases as 

the dihedral angle 0 between the directions assigned to the lone pair of 

electrons on the phosphrus increases from 0 (-283 Hz) to 180 (+11 Hz). The 

small difference in "̂  J(PP) for the meso and d,l forms of Ph(H)P-P(H)Ph 
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Table 5.1 NMR Data of Ph(H)P-P(H)Ph. 

meso 

d.l 

5(31 P) 

67.6 
71.2 

''j(PH) 
+206.0 
+208.2 

2j(PH) 
+12.6 
+10.0 

''j(PP) 
191.5 
109.8 

3j(HH) 
4.8 

11.7 

Coupling constants are given in Hz. The signs are given assuming that 
''j(PH) is positive. 

indicates that the two diastereomers probably have the same configuration, in 
which the phosphonjs lone pairs adopt a gauche disposition.^1 Simillarly, 
the 3j(HH) coupling constants are related to the H-P-P, P-P-H dihedral angle. 
Again, the larger the angle, the larger the 3j(HH) coupling value. Therefore, 
it is likely to believe that the most stable conformer of the meso form is the (g) 
conformer with its small dihedral angle resulting in the small 3j(HH) value. 
The most stable conformer of the d,l pair should belong to the (g2) 
configuration due to the large H-P-P-H angle and the resulting larger 3j(HH) 
value. 

Meso 

Ph—j-H 
Ph—|-H h ^ ^ H Ph^T H Ph 

( t ) 

d,l V -v^+vy^^ ^ ^^" Ph J:^ H 
Ph—l-H 

h K ^ H Pĥ V̂ Ĥ Ph^S^H H—h-Ph Ph 
.. ^ ^^ 

{g^) (92) ( O 

Substituting the phenyl group for a highly electronegative group such as 
CF3 results in two diastereomers, both being in a trans conformation. 31 p 
NMR spectra and computer simulated spectra of CF3(H)P-P(H)CF3 are 
shown in Figure 5-4, in which the two diastereomers can be clearly observed. 
The preferrence trans conformation for both diastereomers is attributed to the 
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AJ V_A IL A l\h .K hLm. Li ^ ^ 

(A) (C) (B) 

jt)ijl|i|au 
(D) 

Figure 5.4 31P[19F] N M R Spectra of CF3(H)P-P(H)CF3. (A) computer 
simulated Spectra of meso diastereomer in Table 5.2, (B) computer 
simulated spectra of d,l pair isomer in Table 5.2, (C) compiled (A) and (B) 
simulation, and (D) observed spectrum of CF3(H)P-P(H)CF3. 
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great electrostatic repulsion between the strongly electronegative CF3 groups 
on phosphorus atoms. Albrand, et al.̂ 3^ obtained the NMR data for 
C^p3(H)P-P(H)CF3 by running spectra at two different temperatures, 35° and 
-100°C. The NMR parameters of this diphosphine are given in Table 5.2. 

Table 5.2 . NMR Data of CF3(H)P-P(H)CF3 

Temp. 
35 

-100 

Isomer 
meso 
d,l 
meso 
d.l 

I jrPR 

-135.2 
-183.7 
-114.8 
-203.4 

i j fpm 

205.6 
213.9 
213.7 
22.2 

2jrPH^ 
3.2 
15.2 
1.8 
15.5 

^J(HH) 
9.2 
3.0 
7.4 
0.5 

5(H) 
3.68 
3.82 

5(P) 
90.3 
92.0 
91.5 
95.1 

Due to the strongly electronegative CF3 groups, the trans disposition of 
the two CF3 groups with the great repulsion between two strongly 
electronegative groups dominates the lone pair-lone pair gauche adoption. 
Therefore, the trans conformation becomes the preferred form for both 
diastereomers. This most preferred conformer of meso diastereomer (t) 
forces the dihedral angle between the two lone pairs to increase, resulting in 
a much smaller 1 J(PP) value compared to the d,l pairs in which the most 
stable conformer is (g-|). The (g-|) conformer of the d,l diastereomer is 
stabilized by gauche relationships of the lone pairs, a trans relationship of the 
electronegative CF3 groups, and the maximum number of gauche 
interactions between the lone pairs and the polar P-C bonds. 

Although electronegative factors for (CF3PH)2 and electronic factors for 
(CgH5PH)2 affect the conformer populations among diastereomers, the 
relative populations between d, I pair and meso stereoisomers have not been 
disturbed; e.g. the two diastereomers always exist in equal populations. 

The effect of steric factors on diastereomer populations can be studied 
by introducing a very bulky group, supermesityl (2,4,6-tri-tertiary-butylphenyl), 
to form a R(H)P-P(H)R type diphosphine. When this group is introduced into 
R(H)P-P(H)R, equal populations of the two diastereomers are expected just 
like (CF3PH)2 and (C6H5PH)2. But instead, a approximately 6:1 ratio 
between d, I pairs and the meso form is observed. As mentioned eariier, the 
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Meso 

( t ) 

CF,' I H ^p/- I H 

d,l CF, 

(g ) 

CF, 

":t.,„)K :J?. ,)$: 
(9 i ) (92) ( t ) 

thermodynamic factors include (1) gauche relationships between the lone 
pairs of the central P atom, (2) trans disposition of the electronegative 
substituents, and (3) maximum number of gauche interactions between lone 
pairs and the polar P-C bonds. Without the electronegative substituents, 
factor (1) is the predominant factor. When electronegative groups are 
involved, factors (2) and (3) become the most dominant factors. The 
2.4,6-tri-t-butylphenyl group can be considered as a non-electronegative 
group, so factor (1) should predominate. However, the steric crowding 
between the two supermesityl groups becomes sufficiently great so as to 
overcome the lone pair-lone pair gauche disposition stablity factor. 
Therefore, the meso isomer, (t) form appears to be predominate instead of the 
(g) form, as in the (PhPH)2 case. The d.l isomers require no compensation, 
so the (g) form is the most stable, as expected. This compensation is the 
determining factor for the unequal distribution of d,l and meso diastereomers. 

This steric factor is so large that when the temperature is raised to 60°C, 
some decomposition occurs and a new compound is formed as shown in 
Figure 5.5. This compound may either be I (phosphindoline)or 
ll(t-butyl-supermesitylphosphine). One possible explanation is that with the 
introduction of the supermesityl group, the inversion barrier is decreased/^ 
and free P-P bond rotation results in a accidental eclipsed conformation, 
which is very unstable. This huge repulsion between the two super bulky 
groups results in the breaking of the P-P bond, with the subsequent formation 
of a transition free radical [ArPH], and then self-ring closure, producing the 
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Figure 5.5 31 p NMR Spectnjm of Ar(H)P-P(H). After Heating at 60°C 
for 3 Weeks. Upper spectnjm is proton decoupled. Lower spectnjm is 
proton coupled. The -62.36 ppm peak is the growing ArP(H)Bz. 
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possible products I or II. Spectroscopic analysis indicated that this newly 

formed compound actually is benzylsupermesitylphosphine ArP(H)Bz. The 

formation of this compound probably results from the combination of the 

intermediate free radical [ArPH-] with the large excess of benzyl free radicals 

remaining in the reaction vessel. Without the large excess of DBM (which 

unfortunately is necessary to achieve reasonable reaction rates), the products 

I and II should predominate instead of ArP(H)Bz. 

Meso 

d,l 

Ar H H _ Ar 
Ar 

A r ^ ^ H ..^ 

Ar H Ar 
Ar 

Ar I 
H 

. : ^ „ - ^ 
H 

[ ArPH- ] 

t-Bu 

I 

The meso conformer has more strongly repulsive interactions (H-H, lone 

pair-lone pair, and Ar-Ar) than the d, I pair (Ar-Ar, and two H-lone pair 

interactions). Therefore, the meso isomer should decompose faster than the 

d, I isomer. 31 p NMR spectroscopic data does show a larger decreasein 

concentration of the meso diasteromer than the d,l diastereomer. 

Both the starting material ArPH2 and the diphosphine (ArPH2)2 are air 

stable in the solid state but unstable in solution. In solution, ArPH2 slowly 

oxidizes into ArP(0)H2 and ArP(0)H(OH) ; Ar(H)P-P(H)Ar, though, 

decomposes into comound III and compound IV completely after a 2-month 

period. During the decomposition of Ar(H)P-P(H)Ar, some monooxides and 

dioxides of this diphosphine also appear. NMR data of all the relative 

compounds is shown in Table 5.3 and Table 5.4. The 31P NMR spectrum of 

the oxidation products of ArPH2 is shown in Figure 5.6. 
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Table 5.3 NMR Data Of ArPH2 and its Oxidation Products. 

Compound 531 pa JpH(Hz) b^H^ 

H 
-132.31 207.3 1.55 0, 1.28 p, 4.23 PH 

7.51 aro. H. 

= O -11.96 t 476.0 1.322 0, 1.48 p. 
7.39 aro. H. 

OH 
P — O 6.08 d 665.0 

Li 
'126.4 d 189.5 

^d = doublet, t = triplet. ^0 = ortho-t-butyl, p = para-t-butyl, PH = H attached to 

P, aro, H-aromatic hyrdogen. 
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Table 5.4 NMR Data of Ar(H)P-P(H)Ar and Its Oxidation Decomposition 

Products. 

Compound 531 pa Coupling Constant (Hz) 513c['' H] luib 

4'" 

-63.95(meso) Jp|_| = 221, Jpp = 192.4 

-63.15(d,l) JppH = 16.0, J HPPH = 1-0-

meso Jpp = 198, Jp/x)H 
-49.84,39.61 Jp(A)H = 224. 

d,l Jpp = 198,Jp(x)H 
-56.11,38.85 Jp(A)H = 219-

= 480.9, 

= 474.1, 

•72.3 d 

36.6 d 

•62.36 d 

JpH = 214.5. 

Jpi_j = 483.4. 

'PH = 220. 

25.69 d Jpu = 568.9 
JpQ = 4.56. 

33.98 o.m 
31.01 p.m 
39.09 0, t 
34.95 p, t 
38.14 Bz 

ad=doublet. bo.m=ortho-t-butyrs methyl carbon, p.m=para-t-butyrs methyl 

carbon, 0, t=ortho-t-butyrs tertiary carbon, 0, t=para-t-butyrs tertiary carbon. 
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III IV 

Some of the R(H)P-P(H)R type diphosphines exhibit equilibrium with 

the monophosphine and cyclopolyphosphine as proposed by Semmelhack, 
et al.'̂ 3 

n(RPH)2 <=* nRPH2 + (RP)n 

This equilibrium, however, doesn't exist for the 1,2-disupermesityldiphosph-

ine as observed by NMR. The explanation is due to the supermesityl 

bulklness. No stable ring compound can be formed, preventing the possible 

equilibrium between diphosphine and the polyphosphine. 

The separation of the two diastereomers of disupermesityldiphosphine 

was also attempted by using HPLC equipped with a chiral cyclodextrin 

column. Unfortunately, no satificatory resolution was achieved. Apparently 

the compound decomposed in the column. 



CHAPTER VI 

SUMMARY AND CONCLUSIONS 

Formation of P-P Bonds from P-H Bonds 

Reaction of dibenzylmercury with various secondary phosphines will 

produce diphosphines in good yield. The reaction is initialed by the free 

radical C6H5CH2- from dibenzylmercury, followed by formation of the R2P' 

free radical. Combination of two R2PH- free radicals leads to the final 

product, the diphosphine. Reaction of dibenzylmercury with 

dichlorophosphine leads to mono-substitution product, RPCI(Bz). When 

reacting dibenzylmercury with monochlorophosphine, no substitution occurs. 

Instead, a diphosphine R2P-PR2 's produced. 

nRPH2 + n(C6H5CH2)2Hg -^ (RP)n + 2nC6H5CH3 + Hg. 

2R2PH + (C6H5CH2)2Hg ^ R2P-PR2 + 2C6H5CH3 + Hg. 

2R2PCI + (C6H5CH2)2Hg -^ 2RPCI(Bz) + HgCl2. 

R2PCI + (C6H5CH2)2Hg -> R2P-PR2 + C6H5CH3 + HgCl2 + 
C6H5CH2CH2C6H5. 

1,2-Diphenyl-1,2-diphospholane PhPCH2CH2CH2PPh can be 

synthesized by reacting Ph(Li)PCH2CH2CH2P(Li)Ph with dibromoethane 

BrCH2CH2Br. Only a single diastereomer, namely d,l pair, is produced 

according to 31P NMR measurement. This result is consistent with the 

concept that all known cyclopolyphosphines, heterocyclic or homocyclic, will 

adopt only the trans arrangement of R-groups so as to minimize the steric 

repulsions. 
The reaction of dibenzylmercury with 1,3-bis(phenylphosphino)propane 

Ph(H)PCH2CH2CH2P(H)Ph produces both d,l pair and meso diastereomers 
of 1,3-bis(phenylbenzylphosphino)propane Ph(Bz)PCH2CH2CH2P(Bz)Ph. 
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Two equally intense peaks con'esponding to the two diastereomers of 

1,3-bis(phenylbenzylphosphino)propane can be observed in 31 p NMR 

spectra. 

Variable temperature NMR measurements up to 100°C indicated no 

change in the population of the d.l pair and meso isomers. Indeed, no 

change in relative population would be expected if the mechanism involves 

phosphorus inversion. 

Phosphetanes 

Synthetic routes to a non-substituted 4-membered ring phosphetane 

RPCH2CH2CH2 were Investigated. Methods that were tried include the 

reaction of dimetal phosphide (Na2PR and Li2PR) with Br(CH2)3Br, and the 

reaction of dl-grigand regent with dichlorophosphine. Due to the complexity 

of the formation of pure dl-grigrand reagent, the latter method was not 

satisfactory. The first approach, on the other hand, proved to be a very 

promising synthetic route, even though the yields were low. 

Stericaliv Hinc|ered Diphosphines 

The last portion of this work was the study of steric interactions in the 

reaction of dibenzylmercury and primary phosphines. Without bulky 

substitutents on the phosphorus atom, cyclopolyphosphines are formed. But 

when a super-bulky group, supermesityl in this wori<, was used, the reaction 

resulted in a diphosphine. Unlike most of the known diphosphines, the 

population ratio between d,l pair and meso diastereomers are not the same. 

Steric hinderance is the predominate factor, not only effecting conformer 

stability of these two isomers but also the difference in population of these two 

diastereomers. 
Disupermesityldiphosphine Ar(H)P-P(H)Ar, like supermesitylphosphine 

ArPH2, is not very thermal stable. It will slowly decompose to several 
products; e.g.. phosphindoline and supermesityl-t-butyl phosphine if 

additional heat is applied. A mechanism involving the non-favorable 

conformer interactions is proposed to explain this phenomenon. Both 
disupermesityldiphosphine and supermesitylphosphine are air stable in solid 

state, but are relatively unstable in solution. The mono-oxide and di-oxide of 
supermesitylphosphine will slowly form if supermesitylphosphineis dissolved 
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in a organic solvent. When dissolved in a solvent, disupermesityldiphosphine 
also produces phosphindoline oxide and supermesityl-t-butyl phosphine 
oxide upon oxidation if an excess of DBM was used to synthesize disuperme
sityldiphosphine; the primary oxidation product is the supermesitylbenzylphos 
phine oxide. 
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APPENDIX. CALCULATION OF 31 p NMR CHEMICAL SHIFTS 

Most of alkyl-substituted phosphorus compounds have a 

sturcture-spectra relationship. A given alkyl group always makes a constant 

contribution to the 31 p NMR chemical shift of a particular type of phosphorus 

(phosphorus(lll) vs phosphorus(IV), for example). Listed below are just two of 

the many methods which have been used. 

(A) Grim's Group Contribution(GC) Method: 

Grim assigned a "Group Contribution"(GC) to each alkyl group, which 

could then be added as dictated for a particular phosphine to give a close 

approximation of the actual 31 p NMR chemical shift. Some of the Grim's GC 

values(in ppm) are summarized as follows: 

CH3 

C2H5 

n- C3H7 

i- C3H7 

n- C4Hg 

i- C4H9 

t- C4H9 

cyclo-CgHi.! 

benzyl 

phenyl 

-21 
-7 

-11 

+6 

-11 

-15 

+23 

+2 

-4 

-3 

This GC concept wori<s equal well for some hetereocyclic phosphines; 

the entire ring is assigned a GC, which could be added to the Grim's GC for 

the P-alkyI substitutents. 
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Q Q ^Q 0 Q Q 
^ I \ I I I \ 

-11 -21 -14.3 -29 +6.6 +12 -32 

(B) Fluck and Lorenz Method: 

1. Tertiary Phosphine: 

5(ppm) = 62- I GpP 

2. Secondary phosphlne: 

5(ppm) = 99 -1.5 I apP 

3. Primary phosphine: 

5(ppm) = 163.5-2.5 QP 

4. Quatery phosphornium salt: 

5(ppm) = -22.0 - 0.8n - 0.26 I OpP 

n : the number of the alkyl-group substitutents in phosphonjs center. 

Group 
CH3 

C2H5 

1-C3H7 

n-C3H7 

i-C4H9 

S-C4Hg 

GP 

0 
14 

27 

10 
7 

23 

Group 
n-C4H9 

n-CgH^I 

cyclo-CsHg 

cyclo-CgH-i-j 

^6*^5 
C6H5CH2 

sP 
10 

10 

22 

24 

18 

16 

Group 

n-C8Hi7 

CH2=CH-CH2 

NCCH2CH2 
CN 

(C2H5)2NCH2 

fiP 
10 

9 

13 

-24.5 

-1 


