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Abstract 

The coordination chemlstty of the polyfunctional phosphine hgand, 7-diphenylphosphino-2,4-dimethyl-1,8- 
naphthyridine (dpnapy) with Iridium(l) complexes has been investigated. Dpnapy reacts with crs-[Ir(CO)&- 
toluidine)Cl] m 1:2 and 1:l molar ratios giving the P-monodentate containing hgand complexes trans- 

P(CO)(dpnawWl (1) and cu-tIr(CO),(dpnapy)Cll 6% respectively. Complex 2 is unstable in solution; IR and 
3’P NMR spectroscopic data show at r.t. it transforms into 1 in a short time. The reaction of dpnapy with 
[{Ir(cod)Cl},] (cod=cycloocta-l&diene) also depends on the metal to ligand ratlo used. The mononuclear complex 
[Ir(cod)(dpnapy)Cl] (3), contaming P-coordinated dpnapy, 1s obtained from the 1.2 dlmer:ligand reaction. The 
‘H and 13C NMR spectra of 3 are temperature dependent. They show that the fluxional behaviour mvolves the 
cod hgand and IS explained by the formation of a labile five-coordinate Intermediate displaying a fast exchange 
of the non-equivalent cod protons and carbons. Treatment of 3 with AgCIO, leads to a species, formulated on 
the basis of IR and analytical data, as [{Ir(cod)(dpnapy)}ClO,] (4) . m which dpnapy IS very likely P-N(8) chelated 
The binuclear complex [{Ir(cod)Cl}&-dpnapy)] (S), containing a bridging bidentate dpnapy, 1s obtained from 
the 1.1 [{Ir(cod)Cl},]:dpnapy reactlon. The bridging function of dpnapy IS realized through the phosphorus and 
the termmal nitrogen binding sites m agreement with the NMR data and as confirmed by an X-ray analysis 
Complex 5 c stallizes 
c=18221(5) 1 

into the monoclimc space group P2,/n with cell parameters a = 17.813(4), b= 12.339(3), 
/3=106.73(2)” and with Z=4. The structure model, with all the non-H atoms anisotroprc, was 

refined up to 6=0.040 and R,=0.050 with the goodness-of-fit=0.91. The asymmetric unit contains one discrete 
molecule constitued by two independent square-planar iridium moieties, considering each ethylenic system of 
cycloocta-1,5-dlene like a unique coordination site. No interaction exists between the two iridium metal centres 

Key words Iridium complexes, Polyfunctional hgand complexes; Phosphine complexes; Crystal structures 
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Introduction 

Considerable attention is today devoted to the design 
and synthesis of polydentate ligands as the backbone 
for multicentred metal complexes. In this context we 
have synthesized the ligand, 7-diphenylphosphino-2,4- 
dimethyl-l&naphthyridine [l] (dpnapy) (Fig. l), a new 
polyfunctional phosphine ligand characterized by a rigid 
skeleton and a quasi-linear disposition of the phosphorus 
and the two nitrogen binding sites. 

*Author to whom correspondence should be addressed. 

CH, 

Fig 1 7-Diphenylphosphlno-2,4-dimethyl-l,d-naphthyridine 

Our previously investigation on its coordination chem- 
istry towards some rhodium(I) [l] complexes showed 
that dpnapy may act as a P-monodentate or a bridging 
bidentate ligand utilizing the P and the terminal nitrogen 
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N(1) atoms. Furthermore, according with its geometric 
features dpnapy IS able to produce metallocycles, that, 
in some cases, are precursors of trinuclear metal arrays 
[2, 31. It reacts, in fact, with [{Rh(CO),Cl},] giving the 
twelve-membered metallocycle [{Rh(CO)(p-dpnapy)- 
Cl},], which, as revealed by an X-ray diffraction study, 
does not display the right geometrical features to allow 
inclusion of other metal ions in the central cavity. 

As a continuation of our studies on the coordination 
chemistry of dpnapy, we planned a systematic mves- 
tigation of its reactivity with a series of d*-metal com- 
plexes [4] aimed at the synthesis of metallocycles suitable 
for inclusion chemtstry. In this paper we report the 
synthesis and NMR solution behaviour of some irid- 
ium(1) complexes of dpnapy. The X-ray crystal structure 
of the complex [{Ir(cod)Cl},(p-dpnapy)] 1s also de- 
scribed. 

Experimental 

General data 
The 7-diphenylphosphino-2,4-dimethyl-l,S-naphthyr- 

idine (dpnapy) ligand was prepared as previously de- 
scribed [l]. The cls-[Ir(CO)&-toluidine)Cl] complex 
was prepared by a literature method [S]. The other 
reagents were commercially obtained and used as sup- 
plied. All reactions were carried out under an atmo- 
sphere of mtrogen. IR spectra were recorded on KBr 
or CsI pellets with a Perkm-Elmer FT 1720X spec- 
trometer. The NMR measurements were made on 
Bruker AC-200 and Varran XL-200 spectrometers using 
standard pulse sequencies [6]. Conductivity data were 
obtained with a Radiometer CDM 3 conductivity meter. 
Molecular weights were determined with a Knauer 
vapour-pressure osmometer. Elemental analyses were 
performed by Malissa-Reuter Mikroanalytisches Labo- 
ratorium, Elbach, Germany, and REDOX snc labor- 
atorio microanalisi, Cologno Monzese, Milan, Italy. 

Preparations 
tram-[Ir(CO)(dpnapy),Cl] (1) 
Solid dpnapy (0.175 g, 0.152 mmol) was added to a 

stirred benzene solution (30 cm3) of ca-[Ir(CO),@- 
toluidine)Cl] (0.100 g, 0.256 mmol). Stirring was con- 
tinued for 1 h, during which time compound 2 pre- 
cipitated as a dark yellow solid. n-Hexane (30 cm’) 
was added to complete the precipitation of the product. 
The mother liquors were pipetted off and the solid 
washed several times with diethyl ether (4 x 10 cm’). 
Yield 78% (0.188 g, 0.200 mmol). Anal. Found: C, 
57.50; H, 4.11; N, 5.91; Cl, 3.81; P, 6.62. Calc. for 
C,,H,,N,ClOP,Ir: C, 57.47; H, 4.07; N, 5.96; Cl, 3.77; 
P, 6.59%. IR (nujol mulls, CsI): u(C0) 1957, y(Ir-Cl) 
329 cm-‘. 

cis-(Ir(CO), (dpnapy)Ci] (2) 
Solid dpnapy (0.062 g, 0.018 mmol) was added to a 

stirred benzene solution (40 cm’) of cu-[Ir(CO),(p- 
toluidine)Cl] (0.07 g, 0.179 mmol). Stirring was con- 
tmued for 30 min. On addition of n-hexane (40 cm3) 
compound 1 precipitated as a lemon-yellow solid. The 
mother liquors were pipetted off, the solid washed with 
diethyl ether (2 X 10 cm”) and dried uz uacuo. Yield 
75% (0.084 g, 0.0134 mmol). Anal. Found: 46 11; H, 
3.11; N, 4.41; Cl, 5.89; P, 4.98. Calc. for 
C,,H,,N,ClPO,Ir: C, 46.04, H, 3.06; N, 4.47; Cl, 5.66; 
P, 4.95%. IR (nujol mulls, CsI): 4CO) 2062, 1978, 
v(Ir-Cl) 320 cm-‘. IR (CHCl,): I/(CO): 2070, 1966 
cm-‘. 

[Ir(cod) (dpnapy) Cl1 (3) 
Procedure a. A solution of dpnapy (0.070 g, 0.203 

mmol) and [{Ir(cod)Cl},] (0.068 g, 0.101 mmol) in CH,Cl, 
(30 cm”) was stirred for about 10 mm. Then n-hexane 
was added inducing the precipitation of compound 3 
as a light-orange solid. It was washed with diethyl ether 
and dried in uacuo. Yield 88% (0.120 g, 0.178 mmol). 

Procedure b. Solid dpnapy (0.034 g, 0.100 mmol) was 
added to a dlchloromethane solution (30 cm’) of 
[{Ir(cod)Cl},(~-pnapy)] (5) (0.101 g, 0.100 mmol) and 
the resulting mixture left to stir for 30 mm. By addition 
of n-hexane compound 3 precipitated in a nearly quan- 
titative amount (0.034 g, 0.057 mmol). Anal. Found: 
C, 53.55; H, 4.71; N, 4.21; Cl, 5.31; P, 4.60. Calc. for 
C,,H,,ClN,PIr: C, 53.13; H, 4.61; N, 4.13; Cl, 5.23; P, 
4.57%. IR (nujol, CsI): v(Ir-Cl) 302 cm-‘. 

JWcod) @napy)lClO, (4) 
Procedure a. AgClO, (0.025 g, 0.120 mmol) was added 

to a stirred acetone solution (30 cm3) of 
[Ir(cod)(pnapy)Cl] (3) (0.080 g, 0.118 mol). AgCl was 
immediately formed. It was filtered and the resulting 
solution reduced in volume (c. 10 cm3). By addition 
of diethyl ether (20 cm3) complex 4 precipitated as a 
pale yellow solid. Yield 0.058 g (0.078 mmol), 60%. 

Procedure b. AgClO, (0.061 g, 0.296 mmol) was added 
to a stirred acetone solution (30 cm’) of [{Ir(cod)Cl},] 
(0.100 g, 0.148 mmol). Immediately solid AgCl precip- 
itated. It was filtered off and to the filtrate solid dpnapy 
(0.139 g, 0.406 mmol) was added. The resulting mixture 
was left to stir for about 10 min and then diethyl ether 
(40 cm’) was added to induce the precipitation of the 
compound. Yield 0.151 g (0.272 mmol), 70%. Anal. 
Found: C, 49.01; H, 2.80; N, 3.79; Cl, 4.88; P, 4.15. 
Calc. for C3,,H,,N2C10,PIr: C, 49.22; H, 2.89; N, 3.83; 
Cl, 4.84; P, 4.23%. IR (nujol mulls, KI3r): y(Cl-0) 
1100 cm-‘. 



Procedure a. A CH,Cl, solution (40 cm’) of dpnapy 
(0.044 g, 0.130 mmol) and [{Ir(cod)Cl},] (0.087 g, 0.130 
mmol) was stirred for 20 min. The solution, initially 
yellow, turned orange. By addition of n-hexane com- 
pound 5 precipitated as a yellow-orange solid. It was 
filtered off and washed with diethyl ether. Recrystal- 
lization from dichloromethane/diethyl ether (l/l) (30 
cm3) gave 5 as orange crystals in 95% yield (0.125 g, 
0.123 mmmol). 

Procedure 6. Solid [{Ir(cod)Cl},] (0.087 g, 0.130 mmol) 
was added to a dichloromethane (40 cm’) solution of 
[Ir(cod)(pnapy)Cl] (3) (0.176 g, 0.260 mmol). Soon the 
yellow starting colour solution turned orange. The re- 
sulting mixture was left to stir for c. 10 min, then n- 
hexane (40 cm3) was added inducing the precipitation 
of the compound. Yield 0.108 g, 82%. Anal. Found: 
C, 54.85; H, 5.26; N, 3.38; Cl, 8.64. Calc for 
C&H,,N,Cl,PIr,: C, 45.01; H, 4.27; N, 2.76; Cl, 6.99; 
P, 3.05%. IR (nujol, CsI): v(Ir-Cl) 300, 285 cm-‘. M, 
985 (CH,Cl,) (talc. 1014). 

X-ray data collection and structure rejinement 
Red-orange crystals of [{Ir(cod)Cl}&-dpnapy)] (5) 

were obtained by layering diethyl ether over a CH,Cl, 
solution of the complex. Diffraction data were collected 
at 298 K with a Siemens R3rnW automatic four-circle 
diffractometer, using graphite-monochromated MO Ka 
radiation (A = 0.71073 A). Information concerning crys- 
tallographic data collection and refinement of the struc- 
ture is listed in Table 1. The unit-cell parameters were 
obtained from least-squares refinement of the setting 
angles of 25 reflections in the 28 range 15-30”. A total 
of 10 882 reflections was collected by the variable-speed 
~-26 scan method in the 20 range 3-55” with index 
ranges -6<hq23, -6<k<16, -23~1~22. 8792 of 
them were unique and, from these, 4323, were assumed 
as observed (I> 7u(I)) and used for the refinement of 
the structure. Three standard reflections, monitored 
after every 100 reflections, showed no sign of crystal 
deterioration. Lorentz-polarization and *-scan absorp- 
tion correction 173 were applied to the intensity data. 
Maximum and minimum transmission factors were 0.046 
and 0.016. 

The structures were solved by standard Patterson 
methods with SHELXTL PLUS program [S] and sub- 
sequently completed by Fourier recycling. All non- 
hydrogen atoms were refined anisotropically. The hy- 
drogen atoms of dpnapy were set in calculated position 
and refined as riding atoms, assuming a common fixed 
isotropical thermal parameter. The final full-matrix 
least-squares refinement, minimizing the function 
Cw(lFOl - IFJ)’ with w = 1.0000/[a2(F,) + O.O018(F,)‘], 
converged at R and R, indices of 0.0401 and 0.0503. 
The ratio reflections/(number of variable parameters) 
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TABLE 1 Crystal data and structure determination summary 

Formula 
Crystal system 
Space group 
Umt cell dlmenslons 

a (A) 
b (A) 
c (A) 
P (“) 

v (A”) 

Molecular weight 

D,,I, (g cm-‘) 
Lmear absorption coefficrent (mm-‘) 
F(OOO) 
28 Range (“) 
Scan type 
Scan speed (variable) (” mm-‘) 
Scan range, 0 (“) 
ReflectIons measured 
Umque reflectlons (I?,,, = 0.007) 
Observed reflections (F> 70((F)) (m) 
No refined parameters (n) 
Weighting scheme 
R=IIF,--F,~~F, 
R,=Cw~F,-F,~EwF, 
G= (‘Cw(Fo-Fc)Zl(m -PI))'~ 

GBH43C12~r2N2P 
monochmc 
P&In 

17.813(4) 
12 339(3) 
18 221(5) 
106.73(2) 
3835 3(17) 
4 
1014 0 
1 756 
7.141 
1952 
3.0 to 5.5 0 
28-O 
2.5-5 in o 
1.40 plus Km separation 
10882 
8792 
4323 
406 
w -’ = d(F) + 0.0018F’ 
0.040 
0.050 
0 91 

was 10.6. Solutions and refinements were performed 
with the SHELXTL PLUS system [8]. The final geo- 
metrical calculations were carried out with the PARST 
program [9]. The drawings were performed using the 
XP utility of the SHELXTL PLUS system. The final 
atomic coordinates for non-hydrogen atoms and selected 
bond lengths and angles are given in Tables 2 and 3. 
See also ‘Supplementary material’. 

Results and discussion 

All the complexes were characterized by elemental 
analyses, IR, and multinuclear NMR spectroscopy. IR 
and analytical data are reported in ‘Experimental’. 
Significant ‘H and 13C, and “P(,H} NMR data are 
given in Tables 4 and 5, respectively. 

Reacfions of dpnapy with cis-[Ir(CO), (p-toluidine)Cl] 
The mononuclear complexes rrans-[Ir(CO)- 

(dpnwW1 (1) d an cis-[Ir(CO),(dpnapy)Cl] (2) con- 
taining P-coordinated dpnapy are the products of the 
reactions with cis-[Ir(CO),@-toluidine)Cl] in the molar 
ratio 2:l and l:l, respectively. 

By addition of dpnapy to a benzene solution of cis- 
[Ir(CO),@-toluidine)Cl] (molar ratio 2: 1) the complex 
trans-[Ir(CO)(P-PNN),Cl] (1) precipitates as a dark 
yellow solid in high yield. 1 is an air-sensitive solid, 
sparingly soluble only in chlorinated solvents. The above 
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TABLE 2. Atomtc coordmates (X 104) and equtvalent isotroptc 
displacement coeffictents (A* X 103) for the non-hydrogen atoms 

x Y z 

WI 
WY 
W) 
C’(2) 
P 

N(1) 
C(2) 
C(3) 
C(4) 
C(5) 
C(6) 
C(7) 
N(8) 
C(9) 
C(lO) 
C(l1) 
C(l2) 
C(l3) 
C(l4) 
C(15) 
C(l6) 
C(17) 
C(l8) 
C(19) 
C(20) 
C(21) 
C(22) 
~(23) 
C(24) 
~(25) 
C(26) 
~(27) 
C(28) 
~(29) 
C(3O) 
C(31) 
~(32) 
C(33) 
C(34) 
C(35) 
C(36) 
C(37) 
C(38) 
C(39) 
C(40) 

1146(l) 
-2239(l) 

1968(2) 
- 1535(2) 

51(2) 
-1520(S) 
- 1680(6) 
- 1331(6) 

- 791(6) 

41(6) 
223(6) 

- 191(6) 
- 753(5) 
- 930(6) 
- 549(6) 
- 456(7) 

- 2276(7) 
- 853(7) 

- 1326(7) 
- 1970(7) 
-2127(S) 
- 1658(9) 
- 1043(8) 

112(7) 
777(8) 
842( 10) 
240( 10) 

-429(S) 
-503(7) 
2094( 10) 
2188(11) 
1929(15) 
1164(13) 

614(9) 
456(10) 
908(11) 

1787(14) 
- 2704(7) 
-3107(7) 
- 3925(8) 
- 3995(8) 
- 3230(7) 
-2696(g) 
-2824(10) 
- 3037( 10) 

1223(l) 
2072( 1) 
1591(3) 
3149(3) 
1778(2) 

716(7) 

82(8) 
- 917(9) 

-1329(S) 
- 909(9) 
- 194(9) 

SOS(S) 
1062(6) 

378(S) 
-650(S) 

- 2439(9) 
506(10) 

l&12(9) 
945( 10) 
984(11) 

1942(12) 
2827(12) 
2802(10) 
3100(S) 
3730(12) 
4678(13) 
5053( 10) 
4452( 10) 
3499(9) 

220(19) 
1290(26) 
1565(31) 
1509(22) 
1267(19) 

280( 16) 
- 737( 16) 
- 614(24) 
1334(10) 

990(11) 
1326(13) 
2569(12) 
3099(11) 
3472(10) 
3318(14) 
2154(13) 

2138(l) 
3793(l) 
3377(2) 
4840(2) 
2480(2) 
4245(5) 
4787(6) 
4989(6) 
4677(6) 
3805(6) 
3312(6) 
3150(5) 
3452(4) 
3945(5) 
4159(5) 
4875(7) 
5161(7) 
1705(6) 
1468(6) 

Sll(7) 
380(7) 
616(S) 

1263(7) 
2959(6) 
3073(10) 
3478(11) 
3719(9) 
3600(7) 
3212(7) 
1940(11) 
1721(10) 

908(13) 
486(11) 
952(S) 

1203(9) 
1106(13) 
1354(16) 
2712(6) 
3183(7) 
3210(9) 
3220(9) 
3590(S) 
3185(S) 
2320(S) 
2067(7) 

48(l) 
38(l) 
65(l) 
54(I) 
39(l) 
34(3) 
37(4) 
40(4) 
37(4) 
39(4) 
38(4) 
34(3) 
33(3) 
290) 
3x3) 
45(4) 
52(5) 
40(4) 
45(4) 
52(4) 
64(5) 
71(6) 
57(5) 
40(4) 
75(7) 
86(8) 
72(6) 
54(5) 
48(4) 
96(8) 

117(11) 
208( 22) 
126(12) 

88(S) 
81(7) 

109( 10) 
191(17) 

51(4) 
57(5) 
74(6) 
66(6) 
56(5) 
59(5) 
8W7) 
74(6) 

“Equtvalent tsotropic U defined as one thtrd of the trace of the 
orthogonahzed U,, tensor 

formulation was substantiated by analytical, IR and 
NMR spectroscopic data. The IR spectrum (nujol mulls) 
exhibits the carbonyl and h-Cl absorptions at 1957 and 
329 cm-‘, respectively. As expected the ‘H and 13C 
NMR spectra, obtained by mixing the reagents in an 
NMR tube at r.t., appear analogous to those of the 
free ligand and other mononuclear complexes containing 
P-bonded dpnapy [l]. The 31P spectrum consists of a 
sharp band at 6.12 ppm and does not change by lowering 

TABLE 3 Selected bond lengths (A) and bond angles (“)” 

Ir( I)-CI( 1) 
Ir( 1 )-P 

2.354(3) Ir(2)-Cl(2) 
2 314(3) Ir(2)-N(I) 

hii j-x(01) 2 09(i) 
Ir( 1)-X(02) 2 OO( 1) 
Ir( l)-C(25) 2.20(2) 
k(l)-C(26) 2 20(2) 
Ir( l)-C(29) 2 09( 1) 
Ir(l)-C(30) 2 14(2) 
C(25)-C(26) 1 40(4) 
C(25)-C(32) 1 47(3) 
C(26)-C(27) 145(3) 
C(27)-C(28) 1 37(3) 
C(28)-C( 29) 150(3) 
C(29)-C(30) 1 37(3) 
C(30)-C(31) 1 53(3) 
C(31)-C(32) 151(3) 
P-C(7) 1 87( 1) 
P-C( 19) 184(l) 

Ir(2j-xioi) 
Ir(2)-X(04) 
Ir(2)-C(33) 
Ir(2)-C(34) 
B(2)-C(37) 
Ir(2)-C(38) 
C(33)-C(34) 
C(33)-C(40) 
C934)-C( 35) 
C(35)-C(36) 
C(36)-C(37) 
C(37)-C(38) 
C(38)-C(39) 
C(39)-C(40) 
P-C(13) 

2 366(3) 
2 122(S) 
1.976(9 j 
1 998(8) 
2 11(l) 
2 10(l) 
2 12(l) 
2 09(l) 
1 34(2) 
1 53(2) 
1.53(2) 
1.54(2) 
1 48(2) 
1.44(2) 
1 54(2) 
1 52(2) 
1.81(l) 

X(01)-Ir(l)-X(02) 
P-Ir( 1)-X(02) 
P-Ir( 1)-X(01) 
Cl(l)-Ir(l)-X(02) 
Cl(l)-Ir( 1)-X(01) 
Cl(l)-k(l)-P 
Ir(l)-PC(19) 
Ir(l)-P-C(7) 
C(7)-PC( 19) 

86.1(5) 
94.2(4) 

178 S(5) 
173 3(4) 

88 3(4) 
915(l) 

116 9(4) 
111 l(4) 
104.6(5) 

X(03)+2)-X(04) 
N(l)-Ir(2)-X(04) 
N(l)-Ir(2)-X(03) 
C](2)-Ir(2)-X(04) 
C](2)-Ir(2)-X(03) 
C](2)-Ir(2)-N(1) 
Ir( l)-P-C(13) 
C(13)-P-C(19) 
C(7)-P-C(13) 

87 5(4) 
90 9(4) 

176 4(4) 
175.4(3) 

90 S(3) 
90 6(2) 

115 7(4) 
104 5(5) 
102 6(5) 

“The symbols X(01), X(02), X(03), X(04) represent the middle 
points of the ethylemc bonds C(25)-C(26), C(29)-C(30), 
C(33)-C(34), C(37)-C(38), respectively 

TABLE 4 ‘H and i3C NMR data” 

Me, Me, CH(cod) CH*(cod) 

‘H NMR 
dpnapy” 2.73 2 62 

lb 2 78 2.61 
2’ 2.75 2 62 

3b 2 75 2.54 5 4, 2.9 1 5-2.5 
sd 3.56 2.57 535, 5 1 1.5-2 4 

4 6, 4 3, 3.6, 
30 (2H), 2 6 

‘jC NMR 
dpnapy” 25.60 17.95 

lh 25 88 18.22 
2c 26.18 18 21 

3’ 26 2 18.7 94 7, 54.3 33 6, 29 8 
5’. d 27.8 18 7 95 6, 94.5, 30.1, 345 

67 3, 62 8, 
605, 59.2, 
55.8, 54 2 

“At 200 13 (‘H) and 50.323 (“C) MHz, chemical shifts (S) m 
ppm referred to StMe,, 298 K. %DCI, ‘CD&I, d223 K 

the temperature as well as by addmg an excess of 
dpnapy. Both these experiments exclude a phosphine 
drssociation process. 
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TABLE 5 3’P{‘H} NMR data” 

Compound T WI 6 

dww” 298 -1.1 
lb 298 6.12 
2’ 223 12.30 
3’ 298 21 07 
5’ 298 19 90 

198 25 04 
16 17 

“At 81.015 MHz, 6 m ppm referred to external H,P04 % 
CDCI,. ‘In CD&I, 

The compound cis-[Ir(CO),(dpnapy)Cl (2) is ob- 
tained as a lemon-yellow air-sensitive solid by treatment 
of cis-[Ir(CO)&-toluidine)Cl] with one equivalent of 
dpnapy in benzene solution. Consistent with this for- 
mulation the IR spectrum (nujol mulls) shows two 
carbonyl stretches at 2062 and 1982 cm-‘, indicative 
of the c&-disposition of the carbonyl groups while the 
Ir-Cl stretch is observed at 320 cm-‘. Complex 2 in 
solution undergoes some chemical changes. By studying 
the spectral modifications occurring in the carbonyl 
region of the IR spectrum of a CH,Cl, sample of 2, 
it was observed that in a short time (c. 15 min) the 
two v(C0) starting bands (2070 and 1966 cm-‘) dls- 
appear and are replaced by a new one at 1967 cm-’ 
(1957 cm-’ in solid). The same modification has been 
detected by 31P NMR spectroscopy. Complex 2 which 
initially shows a broad absorption at c. 12 ppm (CD-Cl,, 
r.t.), with time, transforms mto a species exhibiting a 
sharp resonance at 6.14 ppm and v(C0) at 1967 cm-‘. 

In order to elucidate this process a CD&l, sample 
of 1 was prepared by mixing the reactants at low 
temperature in an NMR tube and its evolution followed 
by variable temperature 3’P NMR spectra. (Much care 
was taken in this experiment to avoid an excess of 
dpnapy. When this happens complex 1 readily precip- 
itates). The 3’P spectrum at 223 K exhibits a main 
band at 12.3 ppm, very likely due to cis- 

W(W2W-w9C~l C% and one of low intensity at 
6.12 ppm. On warming the resonance at 12.30 ppm 
slowly disappears while that at 6.12 ppm sharpens up 
The CD&l, reaction mixture taken to dryness gives in 
the IR spectrum only one C-O stretching at 1957 cm -I. 
‘H and 13C NMR spectra remain unchanged over the 
same range of temperature and do not display downfield 
shifts for the 2-Me protons and carbon absorptions 
with respect to those of the free l&and. This excludes 
that 2 may transform into a metallocycle, occasionally 
exhibiting the resonance at c. 6 ppm, containing two 
Ir(CO)Cl units and two dpnapy molecules in a head- 
to-tail arrangement (see below). On the other hand 
comparison of the IR and 3’P NMR spectral data of 
complex 2 with those of 1 suggests that complex 2 m 

solution transforms, through an unknown mechanism, 
into 1. 

This study shows that trans-[Ir(CO)(dpnapy)Q] (1) 
IS the main product of the reactions of dpnapy with 
ca-[Ir(CO),@-toluidine)Cl] and that dpnapy fails to 
give a metallocycle like [Rh(CO)(p-dpnapy)Cl],, that, 
on the contrary was the only product obtained from 
the analogous reactions with [{Rh(CO),Cl},]. These 
results may be due to the combination of several factors: 
(1) the weaker Ir-N bond strength with respect to Rh-N, 
(ii) the bigger difference in Ir-N and Ir-P bond strengths 
relative to Rh-N and Rh-P; (iii) the stable arrangement 
of the ligands around the iridium centre derived from 
the tram arrangement of the two phosphorus atoms 
and the CO and Cl ligands, respectively [lo]. 

To substantiate these suppositions unreacted trans- 
[Ir(CO)(dpnapy),Cl] (1) and the metallocycle 
[Rh(CO)(p-dpnapy)Cl], were obtained from the re- 
actions of trans-[Ir(CO)(dpnapy),Cl] (1) with CLS- 
[Ir(CO),(p-toluidine)Cl] and [{Rh(CO),CI},], respec- 
tively. 

Reacttons of dpnapy with [lr(cod)Cl], 
It IS well known that the reactions of polydentate 

ligands with [{M(cod)Cl},] (M = Rh, Ir) occur by cleav- 
age of the chlorine bridges leading to different types 
of compounds the nature of which is dependent on 
the geometrical features of the ligand, solvent and 
stoichiometric ratio employed [ 111. 

In accordance with these findings dpnapy reacts with 
[{Ir(cod)Cl},] giving products the nature of which is 
dependent on (i) the ligand to metal ratio and (ii) the 
rigid skeleton of the ligand. The complexes 

WoWbwyPl (3) and [{Ir(cod>Cl},(tL-dpnapy)l 
(5) are the products obtained when the l/2 and l/l 
stoichiometry, respectively, is used (Scheme 1). 

Both the complexes are orange, au-unstable solids 
which dissolve easily in chlorinated solvents. 

Complex 3, in which dpnapy is P-coordinated, can 
be alternatively obtained by reacting [{Ir(cod)Cl},(p- 
dpnapy)] (5) with the equivalent amount of dpnapy. 
The ‘IP NMR spectrum displays a band at 21.07 ppm 
while the ‘H and 13C NMR (CDCl,) spectra are tem- 
perature dependent. At r.t. they show the resonances 
related to the dpnapy moiety and no signals in the 
olefimc cod region. By lowering the temperature (223 
K) two signals emerge at 5.4 and 2.9 ppm in the proton 
and at 94.7 and 54.3 ppm in the carbon spectrum, 

[Ir(cod)C1]2 
\ + @any , 

[I McoWl I &-dww91 
5 

Scheme 1. 
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respectively, suggesting that a further raptd interchange 
of olefinic cod protons and carbons is still operating 
at low temperature, otherwise four signals would be 
observed instead of two. 

The observed fluxtonality IS common to many square- 
planar cycloocta-1,5-diene dH complexes. It is usually 
attributed to the formation of stereochemtcally non- 
rigid penta-coordmated intermedtates (displaying a fast 
exchange of the non-equivalent cod protons and car- 
bons) originatmg from an intermolecular [12, 131 or 
an intramolecular association equilibrium process [ll, 
141. A similar dynamic NMR process was found and 
discussed in detail for the analogous rhodium complex 
[l]. In this case the geometrical features and the 
polydentate nature of dpnapy led us to suggest that 
in the formation of the labile five-coordinated inter- 
medtate an intramolecular associattve mechanism, re- 
alized via attack of N(8) on the metal, 1s favoured 
Comparison of the ‘H and i3C NMR low temperature 
spectra of 3 with those of the corresponding rhodium 
complex indicates that the fluxtonal process observed 
for 3 may occur through the same mechanism. 

Treatment of [Ir(cod)(dpnapy)Cl] (3) with an equi- 
molar amount of AgClO, affords a species formulated, 
on the basis of IR and analytical data, as 
[Ir(cod)(dpnapy)]ClO, (4) in which dpnapy is very likely 
chelated via P-N(S) This complex is very unstable in 
solution and transforms rapidly into unidentified species 
preventing its full spectroscoptc characterization. Geo- 
metric constraints of dpnapy can account for the in- 
stability of the complex in solution. The fixed and linear 
disposition of the phosphorus and two nitrogen binding 
sites makes the four-membered chelate ring realized 
via P-N(8) coordination to iridium unstable. This is in 
keeping with the literature reports on 2-(diphenyl- 
phosphino)pyridine that rarely adopts a chelating co- 
ordination mode [15]. 

[{Ir(cod)Cl},] reacts with dpnapy in the I:1 molar 
ratio giving the binuclear complex [{Ir(cod)Cl},(~- 
dpnapy)] (S), in which dpnapy, acting as a bndging 
bidentate ligand, coordinates two Ir(cod)Cl moieties 
by the P and N(1) atoms. Such a formulation was 
assigned on the basis of analytical, conductivity and 
NMR data. An X-ray diffraction analysis confirmed 
that this structure is retained in the solid state. In 
agreement with the proposed structure the ‘H and 13C 
NMR spectra display eight peaks for the cod olefinic 
protons and carbons (Fig. 2) while the signals related 
to the 2-Me protons (3.56 ppm) and carbon (27.80 
ppm) appear downfield shifted with respect to free 
dpnapy (‘H, 2.73; 13C, 25.60 ppm). As already found 
for the rhodium complexes the shift of the a-proton 
and carbon atoms of dpnapy experiences its coordination 
also through N(1) and is explained in terms of magnetic 
amsotropy of the metal [16]. 

140 120 100 80 60 40 20 PPM 

Fig. 2. 13C NMR spectra for complex 4 (50 232 MHz, CD&J,, 
298 K) 

T= 223 K I 

40 30 20 10 PPM 

Fig. 3. Variable 3’P NMR spectra (81015 MHz, CD,Cl,) for 
complex 5, * due to traces of complex 3 and + of dpnapy oxide 

The variable 31P NMR spectra have revealed that 
complex 5 is also involved in a dynamic process. The 
31P spectrum at r.t. consists of a single resonance at 
19.90 ppm which at 228 K coalesces. A further lowering 
of the temperature (198 K) causes the appearance of 
two signals (25.04 and 16.17 ppm), which by analogy 
to the related rhodium complex [l] may be assigned 
to two stereoisomers rapidly interchangmg at r.t. 
(Fig. 3). 

X-ray structure descnptlon of ((Ir(cod)CI), (p-dpnapy)] 
(5) 

The asymmetric unit of the cell is composed of one 
discrete molecule containing two iridium atoms bridged 
by the dpnapy ligand, as shown in Fig. 4. 
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Fig. 4. Perspective view of the molecular unit showmg the numbenng scheme Thermal elhpsolds are drawn at 40% of probability 
while hydrogen sze 1s arbitrary The mteractlons between the lridmm atoms and the ligand ethylemc systems are represented 
conventlonally by dotted lmes wtth their correspondmg mlddle pomts. 

The geometry of the dinuclear complex is mainly 
determined by the rigid planar naphthyridyl fragment 
of the ligand which coordinates the two iridium atoms 
through its phosphorus and the more external nitrogen 
atom, N(1). Considering only the bridging action of 
the ligand and one metal atom already coordinated to 
the phosphorus of the diphenylphosphine side, a second 
‘heavy’ atom might be bonded to one of the two nitrogens 
of the naphthyridyl fragment. If the coordination site 
is N(8 , the bite of the bridging ligand is very small 
(2.73 1 ) and forces the two metal centres to a short 
internuclear distance, enough to cause a bond inter- 
action commonly observed for the bridging 2-(diphen- 
ylphosphino)pyridine ligand [17-191. Further it is pos- 
sible to bond the second metal by the N(1) atom, in 
such a case the ligand bite is noticeably larger (5.01 
A) and then the bigger centre separation does not 
allow a metal-metal bond, like that found in the title 
compound which shows an Ir . . . Ir distance of 
7.55 A. 

Each of the two atoms Ir(1) and Ir(2), coordinated 
to the atoms P and N(l), respectively, of the bridging 
ligand, is bonded to a chlorine atom and the two 
ethylenic fragments of a cycloocta-1,5-diene. Therefore, 
considering the cyclooctadiene as a chelating ligand 
with the two coordination sites represented by the 
middle points of the two double bonds, each iridium 
shows an almost perfect square-planar coordination 

geometry with the C,H,, cycle folded in such a way 
the angle middle-(1)-metal-middle-(2) is close to 90 
(86.11(5) and 87.54(4)“, respectively), in complete ac- 
cordance with the very similar arrangement observed 
for [(2-diphenylphosphino)pyridine-P)-chloro-(q4-cy- 
clo-octa-1,5-diene)-iridium] [20]. Each centre and its 
four coordination sites so defined lie quite perfectly 
on a plane which is disposed almost orthogonally to 
the mean plane of the naphthyridyl fragment. Apart 
from the obviously different Ir(l)-P and Ir(2)-N(1) 
bond distances, the geometry of the two centres is very 
similar but, in spite of the equal value of the two Ir-Cl 
lengths, a slight difference is observed between the two 
average values for the four Ir-Cethy,_ distance set 
(2.16(2) versus 2.11(l) A). This discrepancy seems to 
be mainly due to an electron trans-effect of the phos- 
phorus, as shown by the significantly longer Ir(l)-C 
distance with C(25) and C(26) (2.20(2) A) opposite to 
P with respect to the other six Ir-C lengths (average 
2.11(2) A). A modelling study of the steric hindering 
of the bridging ligand on the two metal coordinatron 
shells pomted out a lower action on Ir(1) through the 
P-diphenylphosphine fragment than on Ir(2) by the N- 
naphthyridine side, explaining the less rotated dispo- 
sttion of the Ir(1) coordination plane than of the Ir(2) 
one with respect to the mean bridging hgand plane 
(76.94(B) versus 86.16(7)“) from which also Ir(2) is 
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significantly further 0.342(l) versus 0.504(l) A, re- 
spectively, on opposite sides). 

Supplementary material 

Additional materral available from the Cambridge 
Crystallographic Data Centre comprises H atom co- 
ordinates, amsotropic temperature factors and the re- 
maining bond lengths and angles. 
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