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CHLORODI(o-TOLYL)PHOSPHINE, LITHIUM DI(o-TOLYL)PHOSPHIDE 
AND THE DLPHOSPHINE SERIES (o-TOLYL),P(CH,),P(o-TOLYL) 
(n = l--4,6,8) 

PETER W. CLARK * and BERNARD J. MULR_ANEY ** 

Chemistry Department, University of Queensland, Brisbane 4067 (Australia) 

(Received February 12th, 1981) 

The starting material chlorodi(o-tolyl)phosphine has been prepared by the 
reaction of phosphorus trichloride and the Grignard of o-chlorotoluene. The 
intermediate lithium di(o-tolyl)phosphide was obtained by the direct reaction 
of lithium metal and chiorodi(o-tolyl)phosphine in tetrahydrofuran. Lithium 
li(o-tolyl)phosphide reacted smoothly with w,w’-dihaloalkanes, X(CH,),X 
:n = l-4,6,8, X = Cl or Br) to form the tertiary diphosphines (o-tolyl),P- 
[CH,),P(o-tolyl),. Chlorodi(o-tolyl)phosphine and the diphosphines (o-tolyl),P- 
[CH,),P(o-tolyl), (n = l-4,6, 8) were characterised by elemental analyses and 
LH, 31P and 13C NMR spectral analyses. 

[ntroduction 

Investigations into the reactions of sterically hindered tertiary phosphine 

Jigands with transition metal complexes has led to the discovery of a wide 
variety of unusual and interesting complexes. Some ligands which have been 
used are the t-butyl phosphines e.g. PBut3 [l] or ButzP(CH1),PButz [2-lo], 
o-tolylphospbines e.g. P(o-tolyl)s [ll] and the bibenzyl phosphine o-(C~H~)~- 
PC6H&H&H&&P( C H ) 6 4 ,-o 1121. Because of their bulky nature metallation 
reactions occur readily. Tri-t-butylphosphine metallates [Ir(CsH14)Cl]2 in the 
presence of T-picoline forming a four-membered ring [I], while But,P(CH,),- 
PBut. (n = 5 or 6) reacts with rhodium trichloride to form &hHC1(PBut2PCH2- 
CH2CHCH&H$But 2) [8] and khCl( But 2PCH2CH&H%HCH&H2PBut 2) 
[ $71, respectively. In refluxing 2-methoxyethanol, trk-tolylphosphine under- 
goes the coupling-dehydrogenation reaction with rhodium trichloride to form 
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the square-pkmar complex ~hCl[(o-tolyl)2~C6H4CH~CHC6H4~(o-tolyl)2] 
1-111, whileo-(CgH&PC6H4CH2CH2C6H4P(CsHs)a reacts smoothly with 
[RhCl(CsH12)]2 to form a similar product, RhCl(o-(C6H5)2PC6H4CH~CHC6H4P- 
(C,H,)-o] [ 12,141. In this present paper we discuss the preparation of the 
diphosphines (o-tolyl)2P(CHz)nP(o-tolyl), and the intermediary compounds 
chlorodi-o-tolylphosphine and lithium di-o-tolylphosphide. In a later paper we 
will discuss some preliminary results of the reactions of these ligands with tran- 
sition metal complexes 1151. 

Experimental section 

The r3C NMR and 31P NMR spectra were recorded on a JEOL FX-100 spec- 
trometer. The 13C NMR spectra were recorded using the internal lock and refer- 
enced to internal TMS while the 31P NMR spectra were recorded using the 
external lock and referenced to 85% H,PO,. The ‘H NMR spectra were ob- 
tained on a JEOL JNM PS-100 spectrometer referenced to internal TMS. AI1 
NMR spectra were recorded on samples dissolved in CDC13. The mass spectra 
were recorded on an AEI IMS 902s instrument and the analyses were obtained 
from the University of Queensland Microanalytical Service and the Australian 
Microanalytical Service, CSIRO, Melbourne. The preparative conditions and 
yields of the diphosphines are given in Table 1 while the analytical data are 
given in Table 2. The reagents were standard reagent grade chemicals and were 
dried before use. The o-chiorotoluene was distilled and stored over molecular 
sieves and the THF was stored over sodium wire. The method for the prepara- 
tion of chlorodii,-tolylphosphine, lithium die-tolylphosphide and one of the 
diphosphines 1,6-bis(di-o-tolylphosphino)hexane are given below. The other 
diphosphmes were prepared via the same method. 

Preparation of chlorodia-tolylphosphine 
The o-toly1 Grignard reagent was prepared by the dropwise addition of 177 g 

(1.4 mol) of o-chlorotoluene in 300 ml of.anhydrous THF to 36 g (1.5 mol) of 
magnesium turnings in 250 ml of THF under reflux conditions (in a one-litre 
3-neck flask fitted with a pressure-equalising dropping funnel, mechanical 
stirrer and condenser). After the Gddition was complete (ca_ 2 h) the solution 
was refluxed for a further 5 h, at which stage little magnesium metal still 
remained. At this time the Grignard was cooled in an ice bath. 

To a 3-neck 3-litre flask was added 82 g (0.60 mol) of phosphorus trichloride 
in 1500 ml of anhydrous THF. This solution was cooled in a dry-ice/acetone 
bath. The Grignard solution was then transferred under nitrogen through a tube 
connected by two stopcocks into a one-litre pressure-equahsing dropping fun- 
nel. Then the Grignard solution was added slowly in a dropwise manner over a 
2; h period to the soIution of phosphorus trichloride with the aid of a mechani- 
cal stirrer. After the addition was complete, the solution was stirred overnight 
at room temperature. Some white precipitate (magnesium chloride) had formed 
at this stage. The solution was then heated to reflux whereupon large amounts 
of the white precipitate formed, making stirring difficult. The solution was 
refluxecl for 1 h and then as much as possible of the THE’ was distilled off. One 
litre of benzene was then added and the benzene solution filtered to remove 
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TABLE 2 

ANALYTICAL DATA FOR THE COMPOUNDS P(o-tolyl)2C1 AND <o-tolyl)zP(CHz)nP(o-tolyl)2 <n = 

l-4.6.8) 

Compound 

P(o-tolyl)~C1 b 

(o-tol~--1)2PCH2P<o-tolyl)2 

(o-toly1)2P(CH2)~P<o-tolyl)Z 

<o-tolyl)2P<CH2)3P(o-tolyl)2 

(o-tolyl)2P(CH2)4P(o-tolyl)2 

(o-tolyl)2P<CH2)6P(o-tolyl)2 

(o-tolyl)2P<CH2)8P<o-tolyl)2 

Found <caled.) <%) 

C H 

67.53 5.84 
(67.61) (5.67) 

78.87 6.95 

(79.07) (6.87) 

79.20 7.12 

(79.27) (7.10) 

79.27 7.48 

(79.47) C7.31) 

79.14 7.49 

(79.68) (7.52) 
79.53 7.90 

(79.97) (7.90) 

79.31 8.60 

(80.27) (8.23) 

P 

12.2 
(12.5) 

13.9 
(14.1) 

13.5 

(13.6) 

12.9 
(13.2) 

12.6 

(12.8) 
11.8 

(12.1) 

11.5 

(11.5) 

M.P. 

ec> 
Mw o 

248.250 57 
(248.250) 

440 178 

(440) 
454 148 

(454) 

468 140 
(468) 

4.82 196 

(482) 
510 162 

(510) 

538 124 

(538) 

a III+ is the parent ion in the mass spectrum. b Analysis. Found: Cl. 14.1; Mol. wt. 260 <vpo in benzene). 
C14H1&1P calcd.: C,. 14.3; Mol. wt. 249. 

the magnesium chloride. Due to the relatively large volumes involved this filtra- 
tion was carried out in the air, but no phosphine oxide products were detected_ 
The benzene was distilled off at atmospheric pressure and the residue distilled 
at reduced pressure. A small quantity of liquid, presumably dichloroa-tolyl- 
phosphine, distilled at 82-84” C and 2.5 mmHg, but was not characterized. The 
main fraction of chlorodis-tolylphosphine distilled at 160°C and 2 mmHg. 
Upon cooling it set into a hard mass. The yield of chlorodi(o-tolyl)phosphine 
was 96 g (65%). 

Preparation of lithium di-o-tolyr’phosphide 
In a typical preparation 1 g (144 mmol) of freshly cut sheets of lithium 

metal was added to 10 g (40.3mmol) of chlorodi-o-tolylphosphine in 100 ml 
of anhydrous THF in a 250 ml three-neck flask with a stirring bar and reflux 
condenser. After ca. 1.5 h (see note) the solution turned an orange colour. 
After the solution had turned orange, it was refluxed for a further 7.5 h. (Note_ 
The time for the solution to turn orange was quite variable. The shortest time 
that we experienced was 40 min and the longest was 4 h, but most reactions 
turned orange in the l-2 h period. The time seemed to be dependent on the 
initial condition of the lithium metal.) The solution was now ready for the next 
step in the preparation of the diphosphines. 

Typical preparation of the diphosphines, (o-toryl),P(CH,),P(o-toly~)~_ Prepara- 
tion of 1,6-bis(di-o-tolylphosphino)hexme 

The lithium die-tolylphosphide solution, as prepared above, was cooled in a 
salt/ice bath and then transferred under nitrogen through a tube connected by 
two stopcocks into another 250 ml three-neck flask containing a magnetic 



55 

stirring bar. (Note. As the excess lithium is less dense than the THF, it is readily 
separated. Alternatively, it was passed under nitrogen through a coarse sintered 
glass filter connecting the two flasks.) To this solution cooled in a salt/ice bath 
was added dropwise 4.4 g (18.0 mmo‘l) of 1,6_dibromohexane in 20 ml of anhy- 
drons THF. At the end of the addition (ca. 0.5 h) the solution was a pale 
orange colour. The solution was then stirred overnight at room temperature, 
and then refluxed for 0.5 h. Any excess lithium di-o-tolylphosphide was 
destroyed by cooling the solution to 0°C and adding 2 ml of water. The solu- 
tion was heated and the crude product was precipitated by the addition of eth- 
anol. The solution was cooled and then filtered. The crude product was washed 
with water, then ethanol and then dried. It was the recrystallised using a meth- 
ylene chloride/ethanol solution. Yield of the recrystallised 1,6-bis(dia-tolyl- 
phosphino)hexane was 6.5 g (70.3%). 

Discussion 

The reaction of a Grignard reagent RMgX with phosphorus trichloride leads 
predominantly to the trisubstituted phosphorus compounds PR, [16-B] and 
therefore is generally considered unsuitable for the preparation of the less sub- 
stituted RPCl?and R,PCl compounds_ However, Voskuil and Arens [ 191, fol- 
lowing on some earlier observations of Issleib and Seidel 1.201, have shown 
quite successfully that as long as R is a sterically hindered alkyl, viz. branched 
primary, secondary or tertiary alkyl, then the intermediate RzPClz and RzPCl 
compounds can be isolated under controlled conditions. We have adapted this 
procedure for the preparation of chlorodio-tolylphosphine which can be pre- 
pared in 100 g quantities in a good yield (65%). We note that chlorodi-o-tolyl- 
phosphine has been claimed to have been prepared previously [Zl] by another 
reaction sequence but we seriously doubt the validity of the product, which has 
a reported melting point of 4” C compared to our product which has a melting 
point of 57OC. 

The reaction of chlorodi-o-tolylphosphine with lithium is relatively slow 
compared to the analogous reaction of chlorodiphenylphosphine [ZZ], and this 
is probably related to an expected slower attack of the lithium on the sterically 
crowded intermediate bis(di-o-tolyl)diphosphine compound, (o-tolyl)2PP- 
(o-tolyl)2. On the other hand, the reaction of lithium di-o-tolylphosphide with 
the w,w’clihaloalkanes proceeded smoothly and rapidly to give the tertiary 
diphosphines (o-tolyl).P(CH&P(o-tolyl). in good yields (see Table 1). 

Results 

31P and ‘H NMR spectra 
The 31P NMR spectra of all the compounds (Table 3) consisted of a single 

resonance occurring downfield at -74.19 ppm for P(o-tolyl),Cl and upfield 
(+33 to +44 ppm) for the diphosphines (o-tolyl),P(CH,), P(o-toLyI),_ The IH 
NMR spectrum of P(o-tolyl)&l (Table 3) consisted of phenyl resonances and a 
methyl resonance at 2.50 ppm, which was a doublet with a 31P coupling of 2.6 
Hz. For the diphosphines (o-tolyl)2P(CH&P(o-tolyl),, phenyl, methylene and 
methyl resonances were observed at 7.6-7.0, 2.6-1.9 and 2-J-2.3 ppm, 

(continued on p_ 58) 
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respectively. Only for n = 3 and n = 6 did the methyl resonance show any 
splitting due to 31P coupling. For the other diphosphines, n = 1,2,4,8, the 
coupling was too small to be observed. Onty in the two diphosphines (o-tolyl),- 
l?(CH&P(o-tolyl),, n = 1 or 2, was the 31P coupling to the methylene protons 
readily observable. For the other diphosphines this coupling was not readily 
distinguishable due to extra ‘H--‘H coupling_ In the spectrum for (o-tolyl)2P- 
(CH2)3P(o-toly1)2, the H(1) resonance occurs as a tripIet (J = 7 Hz) but this is 
probably due to ‘H--‘H coupling_ 

13C NMR spectra 
The 13C NMR spectrum of P(o-tolyl),Cl (Table 4) consisted of a phenyl 

region and a methyl resonance while the 13C NMR spectra of the diphosphines 
consisted of a phenyl region, methyl and methylene resonances_ The phenyl 
and methylene carbon resonances were assigned on the basis of observed chem- 
ical shifts and coupling constants with regard to those of similar tertiary phos- 
phines [23-263. Although C!,, CD, C!,v and Ca resonances were readily assign- 
able on the basis of chemical shifts and 31P coupling constants, C, and C,* were 
not. C, and C,, were assigned on the basis of an NOE-enhanced proton coupled 
spectrum of (a-tolyl),PCH,P(o-tolyl), C, was assigned to the more complex 
resonance downfield at 131.2 ppm in (o-tolyl),PCH,P(o-tolyl)z- The phenyl 
assignments for the other diphosphines were made in accord with the assign- 
ments for (o-tolyl),PCH;?P(o-tolyl),. For the diphosphine (o-tolyl)1PCH2P- 
(O-tOlYl)a, c,, c,, q3*, CH3 and C(1) are triplets arising from the virtual cou- 
pling of the two phoiphorus atoms; and for (o-tolyl)zPCH2CH2P(o-tolyl)2, C,, 
C,, Co* and CH3 resonances are triplets but the C(1) resonance is only a singlet 
which is slightly broadened. It is interesting to note that for (o-tolyl)zPCHT 
CH,CH,P(o-tolyl),, the virtual coupling is strong enough for the methylene 
resonances to appear as triplets but not strong enough to affect the phenyl and 
CHB resonances, which now appear only as doubIets. For the Ionger chain 
disphosphines (o-tolyl)zP(CH~),P(o-tolyl)2, n = 4,6 or 8, doublets are only ob- 
served for C!,, C,, C,,, CH3 and methylene carbons, except for the C(4) reso- 
nance for n = 8 which appears as a singlet. In the compound chlorodi(o-tolyl)- 
phosphine, the C, resonance appears as a doublet with a 31P coupling of 3.1 Hz. 
In all other cases C,, C,* and Ca appear as singlets. 

References 

1 S. Hietkamp. c..J. Stufkens and K. vrieze, J. Organometal. Chem.. 139 (1977) 189. 
2 A. Prude. B.L. Shaw and B. Weeks, J. Chem. Sot. Chem. Commun.. (1973) 947. 
3 F.C. March. R. Mason. KM. Thomas and B.L. Shaw. J. Chem. Sot. Chem. Common.. (1975) 584. 
4 A. Pryde. B.L. Shaw and B. Weeks. J. Chem. Sot. Dalton. (1976) 322. 

5 R. Mason, G. Scollary, B. Moyle. K-1. Hardcastle. B.L. Shaw and C.J. Moulton. J. Organometal. 
Chem.. 113 (1976) C49. 

6 H.D. ECmpsall. E.M. Hyde. R. Markham. W.S. McDonald. M.C. Norton. B.L. Shaw and B. Weeks. .I. 

Chem. Sot. Chem. Commun.. (1977) 589. 
7 R. Mason and G.R. Scollaw. AI&. J. Chem.. 31 (1978) 781. 
8 C. Cracker. R.J. Errington, R.J. Goodfellow. W.S. &Don&d. K.J. Odell and B.L. Shaw. J. Chem. Sot. 

Chem. Commun.. (1979) 498. 
9 N.A. Al-Salem. H.D. EmpsalI. R. Markham. B.L. Shaw and B. Weeks. J. Chem. Sot. Dalton. (1979) 

1972. 

10 N.A. Al-Salem, W-S. McDonaId, R. Markham. M.C. Norton and B.L. Shaw. J. Chem. Sot. Dalton. 
(1980) 59. 



59 

11 M-A. Bennett and P.A. Longstaff. J. Amer. Chem. Sot.. 91(1969) 6266. 

12 M-A. Bennett. P.W. Clark. G.B. Robertson and P-0. Whimp. J. Chem. Sac. Chem. Commun.. (1972) 
1011. 

13 M.A. Bennett. P-W. Clark. G-B. Robertson and P-0. Whimp. J. Organometal. Chem.. 63 (1973) Cl% 
14 M.A. Bennett and P-W. Clark. J. Organometal. Chem.. 110 (1976) 367. 

15 P.W. Clark. J. Organometal. Chem.. to be submitted for publication_ 
16 G.M. Kosolapoff and L. Maier. Organic Phosphorus Compounds. Vol. 1. John Wiley and Sons. Inc.. 

New York. 1972. p_ 32: and reference contained therein. 
17 R.B. Fox. J. Amer. Chein. Sot.. 72 (1950) 4147. 
18 T. WeiI. B. Priis and H. Edenmeyer. Helv. Chim. Acta. 35 (1952) 1412. 
19 W. Voskuil and J.F. Arens. Recueil. 82 (1963) 302. 
20 K. IssIeib and W. Seidel. Chem. Ber., 92 (1959) 2681. 
21 V-M. Piets. Dissertation. Kazan (1938) as referenced in G.&I. Kosolapoff and L. Maier. Oq!anic Phos- 

phorus Compounds. Vol. 4. John Wiley and Sons. Inc.. New York, 1972. p. 94. 

22 P-W. Clark. Org. Prep. Proced. Int.. 11 (1979) 103. 

23 B-E_ Mann. J. Chem. Sot_ Perkin Tans.. 2 (1972) 30. 
24 J--R. Llinas. E-J_ Vincent and G_ Peiffer. Bull_ Sot_ Chim. Fr-. (19731 3209- 
25 P.S. Braterman, D.W. Milne. E.W. Randall and E. Rosenberg. J. Chem_ Sot.. Dalton.. (1973) 1027. 
26 P.W. Clark. P. Hanisch and A-J. &x~es. Inorg. Chem.. 18 (1979) 2067. 


