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SUMMARY 

Complexes of the general formula n-C5H5Ni[P(n-C4H9)J SeC6H4X (1) 
(where X is H, pCH,O, p-CH,, p-CI, m-Cl, m-CF3, and p-CH,CO) and n-C,H,Ni- 
[P(n-C4H,)JTeC6H& (II) (where X is H, p-CH,O, p-CH3, p-Cl, and in-CF,) have 
been prepared and their NMR spectra recorded_ Good correlations exist between the 
‘H chemical shifts of the rc-C5H5 group and. the Hammett a-constants ofX for both 
(I) and (II)_ The Hammett p values were found to be - 18.7 and - 19.3 (in Hz/o) for 
(I) and (II). These values are compared with those obtained for the analogous suIfur 
complexes. 

INTRODUCTION 

Transition metal compIexes containing selenium and tellurium as donor 
atoms have recently been prepared and characterized’ -3, but the z-cyclopenta- 
dienylnickel compound with selenium and tellurium ligands has not been prepared_ 
In the present work, we wish to report the synthesis of the complexes of ~-cyclo- 
pentadienylnickel with m- and p-substituted phenyl selenides and tellurides, and 
discuss the nature of nickel-sulfur, -selenium, and -tellurium bonds in these com- 
piexes. 

RESULTS AND DISCUSSION 

The NaEC,H,X compounds (E=Se, Te) reacted readily in aqueous or 
ethanolic solutions with (rr-C5H5Ni[P(n-C4H9)3]2)+C1- to give the complexes (I) 
and-(II). The yields-were fairly high in most cases. 
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_ The&z compIexes (I) and (II) are stable: under dry nitrogen, and fairly stable 
even under air at room temperature. The complexes (I) and (II) are soluble in benzene, 
n%e&ne and n-pentane, but react- slowly at room temperature with- methylene 
chloride and carbon tetrachloride to give the complex %C,H,Ni [P(n-C,H,),] CL 

The complexes Ir-C,H,Ni[P(n-C,H&] E&H& reacted with methyl iodide 
in benzene solution togive n-&H,Ni[P(n-C,H,),] I and CH3EC6H4X. The physical 
properties of the komplexes (I) and (II) are shown in Table 1 and 2. 
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TABLE 1 

SOME PROPERTIES OF a-CsHsNi[P(n-C,H,),]SeC6H.&” 

x 
y&L 

p-CHsO 4243 

P-C% 53-54 
H 51-52 
p-c1 63-64 
m-Cl 36-37 
m-CF, 62-63 
p-CHsCO 65-66 

’ H NMR (TT 

C5Hs SeC,H, X 

&98(s,lH) 2.68 (d,J,, 9.0 Hz, 2H), 3.6O(d, 2H) 6.36(s,3H) 
496(s,lH) 268(43,, 7.5 HiQH), 3.38(d,2H) 7.87(s,SH) 
4_94(s,lH) 2.50-259 and 3.02-3.29(m,SH) 
4.90(5,lH) 2.46(d,J,, 8.0 Hz, 2H) 316(d,2H) 
4.87(s,lH) 2.38(s,lH) 2.63(dJ 6.0 Hz,lH) 3.10-3_32(111,2H) 
4.85(s,lH) 
4.83 (s,lH) 

2.03(s,lH) 2.32(d,J 7.5 Hz,lH) 2.9Ck3.03 (m,2H) 
2.35(d,J,, 8.5 HzJH) 2.65(d,2H) 7.66(s,3H) 

“AU compomxls are green. b Measured in CS2 using TMS as internal standard: multiplicity of peaks: 
s, singlet ; d, doublet; m, multiplet. 

TABLE 2 

SOME PROPERTIES OF x-C,H,Ni[P(n-ChH,),JTeC,Hfl 

X’ 

p-CHsO 

P-C% 
H 
p-a 
m-CF., 

M.p. ‘H NMR(+ 

(“Cl 

C5H5 TeC,H, X 

53-54 4.98(s,lH) 2.54(d,J,, 8.0 Hz,2H) 3.62 (d,2H) 622(s,3H) 
38-39 4.95(s,lH)- 2.54(d,J,, 7.5 Hq2H) 3.37(d,2H) 7.79(s,3H) 
49-5w 493(s,lH) 2.40-2.47 and 3.00-3.32(m,SH) 
47-48 4.89(s,lH) 2.44&J,, 9.0 Hz,2H) 3.25(d,2H) 
43A4 4_84(qlH) 2Ol(s,lH) 2.18(d,.J 7.5 IGJH) 2.79-3Al(m,2H) 

nb See Table 1. ’ Brown. 

The NMR spectra of the complexes (1)and (II) show a signal at T 8.30-9.25 ppm 
due to the P(n-C,H,), protons, and a sharp singlet at around r 4.90 ppm due to the 
x-&H, protons. The resonance of the phenyl protons and of the substituents X 
appear at the expected positions. It is obvious from Tables 1 and 2 that the ‘H chemical 
shifts of the 7r-C5H5 group depend on the nature of the X groups in the complexes (I) 
and (II), electron-releasing groups increasing the ‘H chemical shifts of the 7r-C5H5 
group and electron-attracting groups decreasing them Thus as in the case of the 
complex rr-C,H,Ni[P(n-CJI,),]SC6H~4, we determined to plot the ‘H chemical 
shifts of the rr-C5H5 group against- the Hammett .o-constants of X in the compIexes (I) 
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Complex {&&Ni ~P(n-&H~jJ,]+ Cl- was prepared as previously de- 
scribed’. Ahthe selenophenols except 4-acetylselenophenol were obtained by Foster’s 
method8. 4_AcetyIseIenophenol was obtained from the reaction of 4-acetylphenyl 
se~enoCy&ate w&h sodium p_ ti-i %e ir&uroTksziIs were ~XZJXX~& +.rj G+EI% 
methodI . All the solvents were purified and degassed before use, and all experiments 
were conducted under dry nitrogen. 

NMR spectra were rec~r&d on a JEOL-JNM-4HWO NMR spectrometer 
with tetramethylsiIane as internal standard. Solvent effects were minimized by 
taking all measurements at approximately the same concentration (ca. SO/,w/v). 

Reactions of(~-C,Pi,Ni[P(n-C,)~]~~tCZ- 
With N&K&,. An aqueous solution of (Ir-C,H,Ni[P(n-C,H&]zj+Cl- 

(3 mmoles) was added to an aqueous solution of sodium selenophenolate (3 mmoles)at 
room temperature under dry nitrogen. Reaction occurred immediately, and a green 
oil was formed. This was extracted with benzene, and the benzene solution was dried 
over anhydrous calcium chloride_ The benzene was removed under vacuum to leave 
a green residue_ Recrystallization from n-pentane gave 1.16 g (SS”/O yield) of green 
crystals, m-p: 51-52”. (Found: C, 57.40; H, 8.15. &H,,NiPSe calcd.: C, 57.30; 
H, 7.68x.) 

With NaSeC&(4-CH,O). Similarly, {sr-CSHsNi [P(n-C,Hg),]&+ Cl- (3 
mmoles) and sodium 4methoxyselenophenolate (3 mmoles) gave 1.37 g (S9”/0 yield) 
of green crystals, m-p. 42-43”. (Found: C, 55.73; H, 7.61. C2,H,9NiOPSe calcd.: 
C, 56.25; H, 7.62x.) 

With N~~SeC,H&l-CH,). (rr-CSHSNi [P(n-C,H,),]2)+ Cl- (3 mmoles) and 
sodium 4-methylselenophenolate (3 mmoles) gave 1.10 g (74”/0 yield) of green crystals, 
m-p. 5354”. (Found: C, 58.46; H, 8.10. &H,,NiPSe calcd.: C, 58.10; H, 7.89”/,.) 

With NrrSeC,H&-Cf). (rc-CSH5Ni [P(n-C,H9),]2}+C1- (3 mmoles) and 
sodium 4chloroselenophenolate (3 mmoles) gave 1.34 g (87% yield) of green crystals, 
m.p. 63-64’. (Found : C, 53.22; H, 7.29. C,,H,,ClNiPSe calcd. : C, 53.46; H, 6.99%.) 

With NuSeCJf,(3-Cf). {n-CSH,Ni[P(n-C4H9)3]2)+Cl- (3 mmoles) and 
sodium 3-chloroselenophenolate (3 mmoles) gave 1.03 g (67% yield) of green crystals, 
m.p. 36-37’. (Found : C, 52.83 ; H, 7.00. Cz3H3&lNiPSe calcd. : C, 53.46; H, 6.99”/,.) 

With NctSeC&(3-CF,). {n-CSH,Ni [P(n-C4H9)J2)+ Cl- (3 mmoles) and 
sodium 3-(trifluoromethyl)selenophenolate (3 mmoles) gave 1.?8 g (72”/0 yield) of 
green crystals, m.p. 62-63’. (Found: C, 53.28; H, 6.73. C2,H,,F,NiPSe cakd.: 
C, 52.40; H, 6.55%) 

With NaSeC,H,(4-CH,CO). Similarly, but with reaction in ethanol solution, 
irr-C,H,NiCP(n-C 4 9 3 2)” Cl- (3 mmoles) and sodium 4-acetylselenophenolate H ) ] 
(3 mmoies) gave 1.21 g (77”/, yield) of green crystals, m.p. 65-66a. (Found: C, 56.88 ; 
H, 7.54. C,,H,,NiOPSe calcd.: C, 57.28; H, 7.45x.) 

With NuTeC,H,. (x-C,H,Ni[P(n-C,H,),],t* Cl- (3 mmoles) and sodium 
tellurcphenulate (3 mmoks) gave 1.29 g (8rYD yield) of brown crystals, m.p- 49-50Q. 
(Found: C, 50.70; H, 6.89. C23H37NiPTe calcd. : C, 52.05 ; H, 6.98”/,.) 

.Wirh NaTeC&f,(4-C&O). .{x-C,HSNi [P(n-C,H,)&)+CI- (3 mmoles) and 
sodium ~4~methoxytellurophenolate (3 mmoles) gave 1.39 g (83% yield) of green 
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crystals, m-p. 53-540. (Found : C, 51.05; H, 7.03. C,,H,,N~~PT~ ~aicd. : c, 51.40; 
Jq 6-98 x_-) 

with NuTeC&#-CH-,). {n-C5H5Ni [P(n-C4H&J2) + Ci- (3 mmoles) and 
sodium 4-methyltellurophenolate (3 mmoles) gave 1.31 g (80% yield) of green crystal< 
m-p. 38-39O. (Found: C, 53.46; H, 7.18. C24H39NiPTe c&d.: C, 52.96; H, 7.17 %.) 

WMz jVu’aTk~&j+Q. -;~-~5~,~i~~n-~~~~~~~~~t~- <3 mm&$ anri 
sodium 4-chlorotellurophenolate (3 mrnoles) gave 1.29 g (76 % yield) of green crystals, 
m-p. 47-48’. (Found: C, 48.73; H, 6.23. C23H&INiPTe &cd_: C, 48.85; H, 6.23 x.1 

S%Wz NuTeC&&-Cll;). i~-c5~f5Ni~P(II-CqH9~31t) +a- (3 mmules~ and 
sodium 3-(triffuoromethyi)tellurop5enolate (3 mmoles) gave 1.58 g (88% yield) of 
green crystals, m.p. 43-44O_ (Found: C, 47.46; H, 6.16. Cz4Ha6F3NiPTe calcd.: 
C, 4R13, ET, 6O2 “4) 
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