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Introduction

Since the discovery of bis(dihalophosphino)amines!-3 (A),
extensive research has been carried out on the main group and
transition metal/organometallic chemistry of this class of ligand
systems.!-15 In sharp contrast, the corresponding studies of the
dinitrogen-bridged diphosphines, bis(dihalophosphino)dimeth-
ylhydrazine (B), are surprisingly limited to a few reports.16-12
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This may be, in part, due to the lack of a rational synthetic route
for such ligands. Gilje et al. and Noth et al. have pioneered the
synthesis of hydrazido phosphines of the type B; however, their
synthetic strategies involved (i) the condensation of PCl; with
the highly unstable 1,2-dimethylhydrazine at —196 °C'6.17 and
(ii) the treatment of the heterocyclic-cage compound P[N(Me)N-
(Me)]sP with PCl;.18 Aside from giving low yields of Cl,PN-
(Me)N(Me)PClI; (15-20%), these methods suffer from practical

* To whom correspondence should be addressed at the Center for
Radiological Research.
t Part 6 is ref 24.

(1) Nixon, J. F. J. Chem. Soc. A 1968, 2689.

(2) Davies, A. R.; Dronsfield, A. T.; Haszeldine, R. N.; Taylor, D. R. J.
Chem. Soc., Perkin Trans, 1 1973, 379,

(3) Jefferson, R.; Nixon, J. F.; Painter, T. M.; Keat, R.; Stobbs, L. J. Chem.
Soc., Dalton Trans. 1973, 1414,

(4) For leading reviews in this area see: (a) Balakrishna, M. S.; Sreenivasa
Reddy, V.; Krishnamurthy, S. S.; Burckett St. Laurent, J. C. T. R,;
Nixon, J. F. Coord. Chem. Rev. 1994, 129, 1. (b) King, R. B. Acc.
Chem. Res. 1980, 13, 243.

(5) Field, J. S.; Haines, R. J.; Sundermeyer, J.; Woollam, S. F. J. Chem.
Soc., Dalton Trans. 1993, 2735,

(6) Cotton, F. A,; llsley, W. H.; Kaim, W. J. Am. Chem. Soc. 1980, 102,
1918.

(7) Field, J. S.; Haines, R. J.; Jay, J. A. J. Organomet. Chem. 1978, 100,
236

(8) Der.ringer, D.R.; Fanwick, P. E.; Moran, J.; Walton,R. A. Inorg. Chem.
1989, 28, 1384.
(9) Dulebohn, J. I.; Ward, D. L.; Nocera, D. G. J. Am. Chem. Soc. 1990,
112, 2969.
(10) Ellermann, J.; Knoch, F. A; Meier, K. J. Z. Naturforsch., B 1990, 45,
1657

(11) Dumond, D. S.; Richmond, M. G. J. Am. Chem. Soc. 1988, 100, 7547.

(12) Tarassoli, A.; Chen, H.-J.; Thompson, M. L.; Allured, U.S.; Haltiwanger,
R. C.; Norman, A. D. Inorg. Chem. 1986, 25, 4152.

(13) Fischer, E. O.; Keller, W.; Gasser, B. Z.; Schubert, U. J. Organomet.
Chem. 1980, 199, C24.

(14) (a) Mague, J. T,; Johnson, M. P. Organometallics 1990, 9, 1254. (b)
Mague, J. T.; Lin, Z. Organometallics 1992, 11, 4139.

(15) (a) Sreenivasa Reddy, V. Transition Metal Organometallic Chemistry
of 1,3,2)3, 4\3-Diazadiphosphetidines. Ph.D. Thesis, Indian Institute
of Science, 1992, (b) Kamalesh Babu, R. P.; Krishnamurthy, S. S.;
Nethaji, M. J. Organomet. Chem. 1993, 454, 157.

(16) Bopp, T. T.; Havlicek, M. D.; Gilje, J. W. J. Am. Chem. Soc. 1971, 93,
3051.

(17) Havlicek, M. D.; Gilje, J. W. Inorg. Chem. 1972, 11, 1624.
(18) Noth, H.; Ullmann, R. Chem. Ber. 1974, 107, 1019,

0020-1669/94/1333-2695$804.50/0

disadvantages, as mentioned above. Therefore, the development
of a one-step, straightforward, and high-yield synthetic route to
CI,PN(Me)N(Me)PCl; may have significant advantages in the
long-term use of this ligand and its derivatives in the coordination
chemistry of transition metals. In continuation of our studies on
the transition metal chemistry of main group hydrazides,!%-25 we
report herein a novel synthetic route to CLPN(Me)N(Me)PCl,
(1). The coordination chemistry of 1 with the Pt(II) and Pd(II)
precursors is also described.

Experimental Section

All reactions were carried out under an atmosphere of pure nitrogen
by using standard Schlenk-line techniques. Solvents were purified, dried,
and distilled under nitrogen prior to use. 'H and 3'P NMR spectra were
recorded on Bruker AMX-500instrument using CDCljsolvent. 'THNMR
chemical shifts are reported in ppm, downfield from external standard
SiMes. The 3P NMR spectrum was recorded with 85% H3PO, as an
external standard. Elemental analyses were performed by Oneida
Research Services, Inc., New York. Reagents such as 1,2-dimethylhy-
drazine dihydrochloride, PCly, PACl;(PhCN),, and PtCly(COD) were
purchased from Aldrich Chemical Co. and were used without further
purification. 1,2-Dimethylhydrazine dihydrochloride was dried in vacuo
for 4-5 h at 80 °C prior to use.

Synthesis of CLPN(Me)N(Me)PCl, (1). Phosphorus trichloride (100
g, 0.728 mol) was added dropwise to a finely crushed sample of 1,2-
dimethylhydrazine dihydrochloride (10 g, 0.075 mol) at 25 °C. The
reaction mixture was heated under reflux till the solution became clear
(36 h). The excess of PCl3 was removed in vacuo after filtration, to
obtain compound 1 in 92% yield, as a colorless viscous oil. Anal. Caled
for C;H¢CI4N,Py: C,9.2; H, 2.3; N, 10.8; C], 53.8. Found: C, 9.4; H,
2.4;N, 10.6; Cl, 54.5. 'HNMR: §3.15 (t, 3J(P-H) = 3.7 Hz, NCH;).
3P NMR: § 160.2 (s).

Synthesis of cis-[PdCL{CL,PN(Me)N(Me)PCL}] (2). A dichlo-
romethane (20 mL) solution of 1 (0.21 g, 0.790 mmol) was added dropwise
at 25 °C to a solution of PdCl;(PhCN), (0.30 g, 0.785 mmol) also in
dichloromethane (25 mL). The reaction mixture was stirred for 30 min
before the solvent was removed in vacuo to obtain a yellow microcrystalline
powder. This was washed with hexane to remove the benzonitrile and
dried in vacuo to afford complex 2 in 95% yield. Mp: >250 °C. Anal.
Calcd for C;HgCIgN,P,Pd: C, 5.5; H, 1.4; N, 6.4; Cl, 48.2. Found: C,
5.6; H, 1.5; N, 6.3; C], 48.7. 'H NMR: § 3.28 (t, 3J(P-H) + *J(P-H)
= 7.0 Hz, NCH;). 3P NMR: 4 151.9(s).

Synthesis of cis-[PtCL{Cl,PN(Me)N(Me)PCl3}] (3). A dichlo-
romethane (20 mL) solution of 1 (0.215 g, 0.825 mmol) was added
dropwise at 25 °C to a solution of PtCl,(COD) (0.30 g, 0.806 mmol) also
in dichloromethane (25 mL). The reaction mixture was stirred for 2 h
and worked up as described for 2 to obtain a colorless microcrystalline
powder of 3in 90% yield. Mp: 180 °C. Anal. Calcd for C;H¢ClgN,P;-
Pt: C,4.6;H, 1.2; N, 5.3;Cl, 40.0. Found: C, 4.6;H, 1.4; N, 5.5; Cl,
40.4. '"H NMR: §3.25 (t, 3J(P-H) + ¢J(P-H) = 7.0 Hz, NCH;). 3P
NMR: 6 121.4 (s, \J(Pt-P) = 5196 Hz).

Results and Discussion

The new synthetic route to produce bis(dichlorophosphino)-
dimethylhydrazine (1) involved the treatment of PCl; with 1,2-
dimethylhydrazine dihydrochloride (eq 1). Phosphorus trichloride
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was used as both solvent and reactant, and the mixture was
refluxed for 36 h to obtain CLLPN(Me)N(Me)PCl; (1) in 92%

HMeNNHMe:2HCI + excess PCl, —
CLPN(Me)N(Me)PCl,+ 4HCI (1)
1

yield. The 3P NMR spectrum of the product consisted of a
single peak at 160.2 ppm. The 'H NMR spectrum of 1 consisted
of a deceptively simple triplet centered at 3.15 ppm (J(P-H) =
3.7 Hz), presumably, due to virtual coupling. The high yield and
the purity of 1 remained unchanged even when the above reaction
was carried out in 50—-100-g scales, suggesting the feasibility of
this reaction in large scales.

The presence of two trivalent phosphorus centers in 1 presents
the possibility of using it as a «-acid donor toward transition
metals. For example, 1 reacted smoothly with PdCL,(PhCN),
and PtCly(COD) to produce the new metallacyclic compounds
(C1,PN(Me)N(Me)PCI,MCL 1 (M = Pd (2), Pt (3)) containing
Pd(IT) and Pt(II) centers, respectively (Scheme 1), The chemical
compositions of 2 and 3 were confirmed by C, H, N, and Cl
analyticaldata. The solution molecular weight analyses of 2 and
3 indicated them to be monomeric in solution.

The 3'P NMR spectra of 2 and 3 (Figure 1) in CDCI; revealed
sharp singlet signals at 151.9 and 121.4 ppm (1J(Pt-P) = 5196
Hz), respectively. The upfield (more negative) 3P chemical shifts
on going from the free ligand 1 (160.2 ppm) to the Pd(II), 2,
(151.9 ppm), and Pt(II), 3 (121.4 ppm), complexes have been
noted earlier for a number of Pd(II)/Pt(II) complexes of Rj-
PNR’PR; and cyclic P,N, ligand systems.*!> However, a
considerable upfield 3!P chemical shift on going from 2 to 3 (up-
(2) - 6p(3) = 30.5 ppm) may be rationalized in terms of somewhat
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Figure 1. *'P!'{H} NMR (202.5 MHz) spectrum of cis-[PtCl,{C1;PN-
(Me)N(Me)PCl3}] (3) in CDCl; showing the 93Pt satellites.

stronger M-P bonding interaction in the platinum complex than
in the palladium complex. The large 'J(Pt-P) value (Figure 1)
suggests that complex 3 contains Pt(II) presumably in a square-
planar environment with the P-N~N-P unit chelating in a cis
fashion via the two phosphine units.#2 The large !J(Pt-P) value
also suggests that both the phosphine groups in 3 are trans to the
polarizable chloride substituents in 3.2627

Conclusions

It has been noted that the reactions of bis(dichlorophosphino)-
amines, CL,PN(R)PCl,, with transition metal precursors generally
produce complex reaction products. In fact, the coordination
chemistry of RPCI; type of ligands is mostly limited to the
formation of metal phosphonium salts.3-1528 In sharp contrast,
the formation of 2 and 3 in nearly quantitative yields starting
from C1l,PN(Me)N(Me)PCl, in unique. Assuming that the P-Cl
bonds in 2 and 3 retain their reactivity toward nucleophilic
substitution reactions, the reactions at the phosphorus centers in
2 and 3 should provide new opportunities in the development of
an extensive chemistry of the coordinated ligand systems. Our
efforts are presently underway along these lines.
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