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CYCLOPALLADATION OF PHOSPHINE IMIDES 
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Department of ChemPtry. University of Ottawa, Ottawa, Ontario KIN 6N5 (Canada) 
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The first examples of transition metal ortho-metalated complexes of phosphine 
itnides are described. Reaction of triarylphosphine imides with tetrachloropalla- 
date in methanol affords the cyclometalated complexes in 56-97% yields. 

Introduction 

A subject of great recent interest is the transition metal intramolecular ortho- 
metalation of organic compounds containing donor ligands such as nitrogen (I) 
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[l] and sulfur (II) [Z] *. While many different types of such complexes are 
known, there have been no reports on the cyclometalation of phosphine imides 
by transition metals. _ 
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in the presence of palladium chloride [ 53. It seemed conceivable that triaxylphos- 
phine imides could undergo cyclization with palladium (and possibly other 
metals) under appropriate conditions. This paper reports the first examples of 
cyclometallated complexes of phosphine imides. 

Results and discussion 

Treatment of a phosphine imide (iI& R’ = H, R* = m-CH3, p-CH3, p-OCH3; 
R’ = CH3, R* = p-OCH3) with tetrachloropalladate in methanol at room tempera- 
ture affords the dimeric five-membered ring cyclopalladated complexes (IV) in 
56-97s yields (Table 1). The structures of these compounds were elucidated 
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R' R* It3 Yield AMLfound(ulcd.~<%~ 
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H m-ax3 H 66 168-169 69.66 Cl8 20.86 
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on the basis of analytical (Table l), infrared (IR) and nuclear magnetic resonance 
(NMR) spectral data (Table 2). 

The IR spectra of III display an intense P=N stretching band at 1310-1325 
cm-’ (CHCIs), which disappears on complexation. A strong adsorption at 1X63- 
1173 cm-* in the IRspectraof IV, is assigned to the P=N vibration, the shift due 
to withdrawal of electron density from nitrogen by palladium. Another difference 
between the IR spectra of III and IV is the appearance, in the latter, of an extra 
v(CC) absorption in the region of 1496-1497 cm’-‘. This observation is indica- 
tive of a change in a phenyl group substitution pattern [S]. 

The ‘H NMR spectrum of IV showed a low field absorption due to the proton 
ortho to the palladium substituted carbon [7]. Further evidence for structure 
IV was obtained with tri-p-tolylphosphine ZV-@-methoxyphenyl)imide 
(RX = R3 = CH3, R* = p-GCH3). Two methyl signals were observed (6 2.20,2.40 
ppm) clearly indicating the presence of two different tolyl groups in IV 
(R’ = R3 = CH3, R’ = p-OCH& 

Complexes of the type LPdC12 (L = III) were not isolated from these reac- 
tions. Benzoylsulftiines, containing the S=N linkage, react with Na2PdCla 
to form L2PdC12 complexes, where the sulfilimine ligand (L) is coordinated 
through the nitrogen atom [S]_ It should be possible to prepare cyclometalated 
compl=es of sulfilimines, analogous to IV, using appropriately substituted 
ligands. 

Experimental 

General 
Melting points were determined using a Fisher-Johns apparatus and are un- 

corrected- Infrared spectra were recorded on a Beckman lR20A spectrometer, 
equipped with a calibration standard_ Proton NMR spectra were determined on 
a Varian T60 spectrometer. Elemental analyses were performed by Drs. F. 
Pascher and E. Pascher, Microanalytical Laboratory, Bonn, West Germany. 

Triphenylphosphine N-m-tolylimide (III, R’ = H, R’ = m-CH,) was purchased 
from Maybridge Chemical Co., and was used as received. Triphenylphospbine 
N-&tolylimide (HI, R’ = H, R2 =p-CH,, m-p. 132-134°C and triphenylphosphine 
N_(p-methoxyphenyl)imide (III), R’ = H, R2 =p-OCHB, m-p. 118-119°C) were 
synthesized according to literature procedures [ 91. Tri-p-tolylphosphine N-(p- 
methoxyphenyl)imide (III, R’ = CH3, R2 = p-OCH3) was prepared in 85% yield 
following the general procedure of Homer and Oediger. m-p. 123-125°C. 
Found: C, 79-11; H, 6.49. C2sH2sNOP calcd.: C, 79.03; H, 6.63%. 

Disodium tetrachloropalladate was purchased from Alfa Inorganics, Inc., and 
was used as received. All reactions were run under a nitrogen atmosphere. 

Genemi procedure for reactions of phosphine imides (III) with Na2PdC14 
A methanol solution (15-25 ml) of 1.5 mm01 of phosphine imide was slowly 

added to a methanol (26-23 ml) solution of Na,Pd Ci, (0.44% & 1.5 mmol). The 
mixture was stirred for-2.5-4.6 h at room temperatnre, dnring which time pre’ 
c@ftatfon o~tlie~~ycIo@Iladated complex Iv oc&~ed. The productwas fiReredS 
washed well witi 
p#y~&_* 

thei ether, and_tlien-dried in v&lid. Pertme& 
&~g&g&$gi&~~~~%, -_L_~‘+__ 
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