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A b s t r a c t  

Bidenta te  "PN" and tetradcntatc  "P ,N:"  l igands  ti)rm stable s i lver(1)  complexes ,  which  were character ized b y  N M R  a n d  IR spectroscopy.  

Conduc t iv i t y  m e a s u r e m e n t s  iiidicate an ionic nature  of  the compound,~ in solut ion.  A thorough mass  spec t rometr ic  s tudy (electrospra.v 

i tmizat ion  :rod fast : , o r e  b o m b a r d m e n t  ) of  these c o m p l e x e s  a..ad the correslx~nding Cut  ! ) ana logues  suplx)rts the N M R  a n d  IR structural  

inG~rmation. ..t-~ 1998 Elsexicr  Sc ience  S A .  A l l  rights reserxed. 
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1. Introduction 

We have recently reported on the synthesis and character- 
ization of Cu(I)  complexes stabilized by the following "PN" 
and "P,_N2" ligands [ l I: 2-(diphenylphosphino)aniline. 
PNH_, [ 2 l, N-methyl-2-(diphenytphosphino)anihne. PNH- 
M,. [3], N,N'-dimethyl-2-{ diphenylphosphino)aniline. 
PNMe,  [ 4 ], N,N'-bis[ 2-( diphenylphosphino)phenyl ]- 
ethane-l,2-diamine. P,N,Et [ l a l  and N.N'-bis[2-(diphen- 
ylphosphino) phenyl ] propane- 1,3-diamine, P,N,Pr [ 5 ] 
(Scheme 1 ). 

We report here on the synthesis of analogous Ag( 1 ) com- 
plexes containing the same ligands, and on a thorough mass 
spectrometric analysis (electrospray ionization (ESI) and 
fast atom bombardment ( FAB ) ) of these complexes and of  
the corresponding Cut I ) analogues ( Scheme 2). 
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AgNO,  (Aldrich) and all the solvents were used as 
received. 
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Scheme 2. 

Ligands and complexes  [ Cu ( PNH_, ): ] CI ( 1 ), [ Cu( PNH-  

Me)_,]CI ( 2 ) ,  [ Cu(PNMe_,)_,]CI (3 ) .  I Cu(P_,N_,Et) ]CI (4 ) ,  
and [Cu(P_,N_,Pr) 1CI ( 5 ) .  were prepared according to Refs.  
[ 1a .3 .6-8]  and Ref. [ 1 1, respectively.  

Elemental  analyses  ( C, H, N)  were  per formed on a Fisons 

E A  I 108 elemental  analyser.  IR spectra were recorded on a 

Mat tson 3030  Fourier- t ransform spect rometer  ( 4 0 0 0 - 4 0 0  

c m  - ) )  using KBr  pellets. )H and ' )P  N M R  spectra were 

col lec ted on a Bruker  AC-200  instrument,  using SiMe.~ as 
internal reference ( ) H )  and 85% aqueous  H~PO., as external 
reference  ( 3 t p ). Conduct iv i ty  measurements  were  carried out 

in M e C N  solut ions of  "-- 10- ~ M at 25°C u~ing an Amel  

Table I 
Selected synthetic and analytical data for Ag( I ) complexes 

model  131 conduct imeter .  FAB mass spectra were  obta ined 
by  a V G  (Manches ter ,  U K )  Z A B 2 F  instrument: 3-nitro- 
benzoyla lcohol  solutions o f  the samples  were  bombarded  by  
an 8 keV Xe a tom beam.  ESI mass spectra were  obtained 
using a T S Q  700 Finnigan M A T  instrument employ ing  

water-acetoni t r i le  solut ions of  the metal complexes .  

2.2. Procedure for  the synttwsis o f  Ag(I) complexes 

A solution o f  the phosphinoamine  (amounts  in mmol  are 
reported in Table  1) in CH_,CI., (10  ml)  was added to a 

suspension o f  AgNO~ ( see Table  1 ) in C H , C I ,  ( 10 ml ). The 

pale orange solution was  stirred for a few hours and the 

solvent  was  then r emoved  under reduced pressure. Treatment  
of  the residue with M e O H  ( 10 ml)  caused the formation o f  
a white precipitate, which  was  filtered off,  washed  with cold  
M e O H  and dried under  vacuum.  

3.  R e s u l t s  a n d  d i s c u ~ i o n  

Silver complexes  [Ag(PNH_.)_ . ]NO,  ( 6 ) ,  [ A g ( P N H -  

Me)_ . ]NO,  ( 7 ) .  I A g ( P N M e : ) _ . ] N O ,  (8 ) ,  [Ag(P_,N:E~)I-  
NO., ( 9 )  and [ Ag(P_.N,Pr)  ] N O ,  (10 ) ,  obtained upon action 

Compound Phosphinoamine AgNO, 
( mmol ) I mmol ) 

Yield 
(q-) 

Elemental analysis: talc. ( found ) ( % ) 

C H N 

6 PNH: 1,81 0.91 
7 PNHMe 0,52 0.26 
8 PNMe., 0.49 0.25 
9 P:N:E! 0.9 0.9 

I0 P:N:Pr 1.17 1.t8 

57 
91 
56 
70 
79 

59+7 ( 57. I ) 
60.6 161.t ) 
61.5 1611.8) 
60.8 ( 61.5 ) 
61.3 (60.5) 

4,4 t4,2) 
4.8 t4.9) 
5.1 15.1) 
4.5 (4+4) 
4.7 t4.5) 

5.8 (5.8) 
5.6 (5.5) 
5.4 (5,2) 
5.6 (5.3) 
5.5 (5.3) 

Table 2 
Selected spectral and conductivity data fi~r Ag! I ) complexes 

Compound IR (cm ~ ) 

),(NH) ),1 NO, ) 

'~P NMR (ppm) H NMR (ppm) 

H~, " H., h N - H  

S~,([I 'cm:mol ~) 

PNH: 
PNHMe 
PNMe: 
P_.N:Et 
P:N:Pr 

3431 
3347 

3370 
336O 

3.1-13 
3338 
3395 

3383 
3386 

1384 

1430 

1390 
1385 
1384 

- 22.4(s) 
- 24.4(s) 
- 16.2(s) 
- 22.2(s) 
- 23,0(s) 

T dependent 

Tdependent 

T dependent 
-8(2d)  
-6(2d)  

6.5-7.5 
6.6--7.4 
6.7-7.3 
6.0-7.0 
{).0-7.0 

6.0-7.4 

6.6-7.4 

6.9-7.4 
6.6--7.5 
6.5-7.4 

2,8(s) 
2.6(s) 
3,2(s) 
2.8(t) 
1.5(m) 

3.4(q) 
2.6(s) 
2.3(s) 
3.4( m ) 
3.2(m) 
1.7(m) 

4.1(bs) 
4,2lbs) 

4.8(bs) 
4,0(bs~ 

4 .2 (s )  

4 .4 (s )  

4.8(s) 
4.4(s )  

113 

1,60 

155 
148 
143 

H~, aromatic protons, 
h H~ aliphatic protons. 
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of the ligands on AgNO,  in dichloromethane, are air and 
thermally stable both in the solid and solution state. 

The spectroscopic and conductivity data, reported in Table 
2, and analytical results indicate that the metal coordinates 
two N and two P donors. 

The conductivity data reveal that the complexes are uni- 
valent electrolytes in MeCN [9] (Table 2). In the solid state 
they are proposed to be cationic species with the nitrate group 
as counter-ion, since the v(NO.+) vibration is similar to that 
of the free ion (bands close to 1390 c m -  ' with no splitting 
and no absorptions around 1051 cm - ~ due to the symmetrical 
stretching, which is IR inactive in free NO~ - [ 10] ). 

Complexes 6-10  are characterized convenier.tly by ;~P 
NMR in chloroform-d solutions. 31p NMR spectra of com- 
pounds 9 and lO are temperature independent and exhibit a 
doublet of doublets at room temperature due to the coupling 
of the magnetically equivalent phosphorus nuclei with m:Ag 
( ! =  I / 2 )  and "~)Ag (1= I / 2 )  nuclei. According to the  mag- 
nitude of the coupling constant, which is in agreement with 
an Ag:P stoichiometry of 1:2 [ ! 1 ], and the observed down- 
field shift of the amine hydrogen in the proton spectra, com- 
pared with the signal of free P_,N:Et and P,N:Pr,  a tetrahedral 
environment around the silver cation is proposed. In contrast, 
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Fig. I. x' P NMR spectra of  [ Ag( P N l ~ l e  ), l NO ~ 7. 

Table 3 
ESI ma~s spectra of compounds l - iO;  the r c p o ~ d  mass ~,alues ( relaa~,'e 
abundance in brackets ) correspond to ionic species contaminl~ the is(gopes 
" 'Cu, : " 'As ,  ' :P,  ~:C, ~:N, and 'H 

Compound Ionic species 

IM] " |M-LI " IM-L +CH,C?ql " IA 

! 617 
2 645 
3 67~ 
4 643 
5 637 
6 661 
7 689 
8 717 
9 687 

tO 701 

I00) 340 <6) 
I00) 354 ('2) 
I00) 
I00) 
I00) 
I00:, 
11)0) 398 12) 
I00) 
I00) 
I00) 

381 128) 
395 (6)  
40916)  

439 (-I.) 
453 (2) 

630 (18) 

" - ] 4 -  

1A= M - - / P \ - ~ -  N -- CH=CH'z 

Ph Ph it 

the ,1p NMR spectra, taken at room temperature, of com- 
plexes 6-8,  which contain bidentate phosphinoamines, dis- 
play a more or less broadened singlet as a consequence of  a 
chemical  exchange process on the NMR timescale: the 
expected doublet of doublets is gradually disclosed on low- 
ering the temperature to 235 K ( Fig. I )+ 

Hence, at lower temperatures a tetrahedraI arrangement 
determined by the coordination of the two P and N donors 
can reasonably be proposed. 

Complexes 1-10 were also analysed by mass spectrometry 
in the solution state: in view of the ionic nature and low 
volatility of these compounds,  FAB [ 121 and ESI [ 13 ] meth- 
ods were used. 

In the present case, FAB only causes sputtering of  intact 
ions enriched energetically by collisional phenomena, while 
in ES! the interaction of  spray-generated droplets of  the anai- 
yte solution with strong electrical fields leads to the +simple' 
desolvation of  the analyte. 

In all ESI spectra of  I - I 0  (Table 3 ) the parent ion peak 
[M] ~', originating through loss of  BF.~- and NO~- from 
compoands  1-S at:d 6 -10  respect, vely, is the base peak of  
the spectra and, since decomposition products are practically 
absent, this method allows the identification of  the molecular 
weight of  the cationic part of  compounds 1-10. Only in the 
case of  1, 2 and 7 are ions corresponding to the primary loss 
of a ligand unit L present in low abundance. For the same 
compounds and for 3 and 8, the ions corresponding to the 
addition of  an MeCN molecule on the [ M - L ]  + ions are also 
detected. Only in the case of  compound 3 is an ion at ndz 
630 detected, corresponding to a product arising from the 
cleavage of  the ligand moiety ( structure IA in Table 3 ). 

FAB spectra of  compounds 1 - I 0  axe mole complex 
{ Table 4) .  
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Table 4 
FA.B mass spectra of c,n~potmds 1-10: tile reported mass values (rel,ttive abundance in brackels) corresptmd to ionic species containing the i s tm,pes  "'Cu. 

' " A g ,  ': P, ":C. ' ;:4, and 'H 

Compound hml¢ ,,peciex 

I.%11 " I M - L I  " [ M e l  IL l  I [ . - t t l  " 1:%" 

I 6 1 7  ¢341 3411181 ) 63 (I110)  

2 6-15 ( 54 ~ 354 t 1001 " 
.~ o73 ¢391 368 153.51 
4 643 ~45~ 
5 657 14(I) 
6 ¢~61 ~ 27 ~ 384 ! I (~11) " 
7 68 ~} ( 311~ 308 ( 85 ) 107 i 375  

8 717141 4121131 " 

9 6~7 ( tj ) 

I(I 701 ( lOOi  " 

277 ( t I 

277 ~ 33 

290 ¢ 22 } 
3¢kl ( 54 

2q11 { 50 
304 I lOI)l 

353 ( 16} 
353 (14)  

397 ~ 2 ) 
397 ( I I~) 

• F , r  IA ,,ec Table 3 
" Peak out ~t" the ,,pet(run1. 
• Pc;.|k I10[ di',tlrl~tli*.habl¢. 

I M ] " ions are detected in all cases but with relative abun- 
dance ranging trom 4 to i11()%. The observed fragmentation 
processes are related mainly to the cleavage o f  the metal-  
iigand bond with the formation, in some cases, o f  [ M - L  I " • 
[ LI ' and [ Mel  " ( metal species)  cations. For some com- 
pounds, [ L -H I ' species, stemming from the [ M I ' ions 
throu,,h cleavage of  the metal-l i~and bond with H rearranue- 
men(. are also .'.:retted and they are responsible for the base 
peak o f  the spectrum o f  8. 

4. Conc lus ions  

"PN" and "P_,N:" phosphinoamines exhibit good coordi- 
nation properties towards both Cu( I ) and Ag( I ). 

The combination o f  NMR and ESI-MS and F A B - M S  tech- 
niques al lows a thorough structural characterization o f  these 
ionic phosphinoamino complexes  in the solution state, where 
tetracoordination is preferred: however,  more complex  struc- 
tures cannot be ruled out for some o f  the Agl  1 ) species. 
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