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SUMMARY

Complexes of the general formula n-C;HNi[P(n-C,H,);]SeCsH X (I)
(where X is H, p-CH, 0, p-CH, p-Cl, m-Cl, m-CF 3, and p-CH3;CO) and n-CsHsNi-
[P(n-C,H,); ] TeCsH X (II) (where X is H, p-CH; 0, p-CH,, p-Cl, and m-CF3) have
been prepared and their NMR spectra recorded. Good correlations exist between the
'H chemical shifts of the n-CsH group and the Hammett o-constants of X for both -
(I) and (II). The Hammett p values were found to be —18.7 and — 19.3 (in Hz/o) for
-(I) and (I1). These values are compared with those obtained for the analogous sulfur
complexes. -

INTRODUCTION

Transition metal complexes containing selenium and tellurium as donor
atoms have recently been prepared and characterized® ~3, but the n-cyclopenta-
dlenylmckel compound with selenium and tellurium lxgands has not been prepared.
In the present work, we wish to report the synthesis of the complexes of n-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-
plexes.

RESULTS AND DISCUSSION

The NaEC,H,X compounds (E=Se, Te) reacted readily in aqueous or
ethanolic solutions with {z-CsHsNi[P(n- C4H9)3]2} Ci™ to give the complex&s (I)
; and (II) The ylelds were faxrly hlgh in most cases.
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_ These complexes o and (II) are stable: under dry mtrogen and faxrly stable '
_ even under air at room temperature The complexes (I) and (II) are soluble in benzene, -
_ n-hexane and n-pentane, but react slowly at-room temperature - with methylene :
chloride and carbon tetrachloride to give the complex 7-:C ;H,Ni [P(n-C,H,);]CL
. The complexes 7-C;H;Ni[P(n-C,H;); ] EC¢H X reacted with methyl iodide
in benzene solution to give n-CsH;Ni[P(n-C,H,), 11 and CH3ECH X. The physrcal
_ propertxes of the complexes (I) and (II)are shownin Table1 and2. - S

"TABLE 1

- SOME PROPERTIES OF n-CsHsNi[P(n-C,H,),]SeCgH X?

X : M.p. 'H NMR(zP
CsHs = SeCgH, X
p-CH,O 4243  498(s1H)  2.68(d,J,. 9.0 Hz, 2H), 3.60(d, 2H) 6.36(s,3H)
p-CH; 5354 496(s1H)  2.68(dJ,, 7.5 Hz2H), 3.38(d,2H) 7.87(s,SH)
H - 51-52  494(s,JH)  2.50-2.59 and 3.02-3.29(m,5H) :
pCl 63-64.  490(5;lH)  2.46(d,J,n 8.0 Hz, 2H) 3.26(d2H) .
m-Cl 03637  487(s1H)  2.38(s,1H) 2.63{d,J 6.0 Hz,1H) 3.10-3.32(m,2H)
m-CF, 62-63  485(s,1H)  2.03(s,1H) 2.32(d,J 7.5 Hz,1H) 2.90-3.03(m,2H)
p-CH,CO 6566  483(s,1H)  2.35(d,J,, 8.5 Hz2H) 2.65(d,2H) 7.66(s,3H)

“ All compounds are green. ® Measured in CS, using TMS as internal standard: multiplicity of peaks:
s, singlet; d, doublet; m, multiplet.

TABLE 2
SOME PROPERTIES OF n-CHsNi[P(n-C Ho);] TeCsH X

X - Mp. - 'HNMR(GP
- Co)

CsHs TeCgH, x
p-CH,O - 53-54  498(s,1H)  2.54(d,J,, 8.0 Hz2H) 3.62(d,2H) 6.22(s,3H)
p-CHy; 3839  495(s1H) - 2.54(d,J,. 7.5 Hz2H) 3.37(d,2H) 7.79{s,3H)
H 49-50° 493(s,1H)  2.40-2.47 and 3.00-3.32(m,5H) ,
p-Cl 4748 489(s1H)  2.44(d.J..9.0 Hz2H) 3.25(d 2L)
m-CF, 4344  484(s1H)  201(s1H)2.18(d.J 7.5 Hz,1H) 2.79-3.11 (m,2H)

b See Table 1.  Brown.

‘The NMR spectra of the complexes (n) and (II) show a signal at © 8.30-9.25 ppm
due to the P(n-C,H,); protons, and a sharp singlet at around 7 4.90 ppm due to the
n-CsH; 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 n-CsH group depend on the nature of the X groups in the complexes (I)

: and (1I), electron-releasing groups increasing the 'H chemical shifts of the n-CsH
group and electron-attracting groups decreasing them. Thus as in the case of the
complex n-CsHsNi[P(n-C,Hs)s] SCsHX*, we determined to plot the 'H chemical
shxfts of the n-CsH ; group agamst the Hammett o-constants of X in the complexes -
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Fig. 1. Plot of chemical shift of n-CsH, against ¢ for n-CsHsNi[P(n-C,H,);] SeCcH X.
Fig. 2. Plot of chemical shift of n-CsHj against ¢ for n-CsHsNi[P(n-C,H,);] TeCHX..

and (II). As can be seen from Figs. 1 and 2, there are good linear relationships for both
sets of complexes. The results indicate that the overall polar effects of the X groups
to phenyl ring affect the 'H chemical shifts of the n-CsHs group (that is, the z-
electron density of the n-CsH s group) by transmission through the Se—-Ni and Te—Ni
bonds, as they do through the S—Ni bond in n-C sHsNi[ P(n-C,H,);] SCcH,X*.
From Table 1 and 2, slopes (p values) are calculated against o values by the
method of least squares to be —18.7 Hz/s for (I) and — 19.3 Hz/s for (II). The p values,
together with that for the analogous sulfur complex 7-CsHsNi[P(n-C,H,);]SCq-
H_.X (calculated from ref. 4) are in Table 3. The values imply that the increasing

TABLE 3

p(Hz/a)

Sulfur ligand —-179
Selenium ligand —~18.7
Tellurium ligand —~193

order of transmission of the polar effects of the X groups through the Ni—E bonds, to
influence the n-electron density in the 7-C H s ring,is S < Se < Te. The p values would
largely be determined by the extent of the donor properties of E and the back-
coordination, if d, back-bonding between the filled metallic nickel orbitals and the
empty Group VI donor atom (E) orbitals of suitable energy is possible. The larger the
donor ability of E, the larger the p values®. On the other hand, assuming that con-
jugation between the phenyl ring and E is possible, the extent of the d,. back-bonding
will be increased by electron-attracting substituents, since these would tend to attract
electrons from E®. The back-bonding should therefore cause a downfield shift in the
'H chemical shifts of the 7-CsHs group in proportion to the Hammett g-constants
and consequently give the larger slope (p). Unfortunately, the data do not permit
unambiguous conclusions about the Ni—E bond character in the complexes.
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EXPERIMEN'I‘AL

_ Complex { n-CSHSNl[P(n-C4H9)3]2}+CI' ‘was prepared as prevmusly de-
scnbed7 All'the selerophenols except 4-acetylselenophenol were obtained by Foster’s
method®. 4-Acetyiselenophenol was obtained from the reaction of 4-acetyiphenyt
seienocyanate with sodinm®. All ihe ieiforophenvis were prepared by Giua's

" method!?. All the solvents were purified and degassed before use, and all experiments
-were conducted under dry nitrogen.

' NMR spectra were recorded on 8 JEOL-YNM-4H 100 NMR spectrometer
with tetramethylsilane as internal standard. Solvent effects were minimized by
taking all measurements at approximately the same concentration {ca. 8%,w/v).

Reactions of {n-CsHsNi[P(n-C,Hy)s],} *Cl™ )

With NaSeCgHs. An aqueous solution of {n-C;HNi[P(n-C,H,);1,}*CI~
(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 (85%( yield) of green
crystals, m.p. 51-52°. (Found: C 5740; H, 8.15. C,3H;,NiPSe calcd C, 57.30;
H, 7.68%4.).

With NuSeC6H4(4-CH 3O) Similarly, {n-C 5H5N1[P(n-C4H9)3]2}+Cl‘ 3
mmoles) and sodium 4-methoxyselenophenolate (3 mmoles) gave 1.37 g (897 yield)
of green crystals, m.p. 42-43°. (Found: C, 55.73; H, 7.61. C;3H 3o,NiOPSe calcd.:
C, 56.25: H, 7.62%,.)

With NuSeCgH,{4-CH;). {n-CsHsNi[P(n-C,Hy)3},}* Cl™ (3 mmoles) and
sodium 4-methylselenophenolate (3 mmoles) gave 1.10 g (74%/ yield) of green crystals,
m.p. 53-54°. (Found: C, 58.46; H, 8.10. C,,H ;oNiPSe calcd.: C, 58.10; H, 7.899.)

With NaSeCgH,(4-Cl). {n-CsHsNi[P(n-C,H,);1,}*Cl™ (3 mmoles) and
sodium 4-chloroselenophenolate (3 mmoles) gave 1.34 g (879, yield) of green crystals,
m.p. 63-64°. (Found : C, 53.22; H, 7.29. C,3H;3CINiPSe calcd.: C, 53.46; H, 6.99%;.)

With NaSeCgH,(3-Cl). {n-CsHs;Ni[P(n-C,H,);1,}* 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. C,3H;¢CINiPSe calcd.: C, 53.46; H, 6.997;.)

With NaSeCgH,(3-CF5). {n-CsHsNi[P(n-C;Hs)s],}* Cl~ (3 mmoles) and

“sodium 3-(trifluoromethyl)selenophenolate (3 mmoles) gave 1.18 g {727 yield) of
green crystals, m.p. 62-63°. {(Found: C, 53.28; H, 6.73. C24H36F3NiPSe calcd.:
C,5240:H,6.55%.) - -

-With NuSeCg H4(4 CH3C0) Similarly, but with reaction in ethanol solution,
,n—Cs Ni[P(n-C4H,);]5}* C1I~ (3 mmoles) and sodium 4-acetylselenophenolate
(3 mmoles) gave 1.21 g (774 yield) of green crystals, m.p. 65-66°. (Found C, 56.88;
H, 7.54. C,5H;3,NiOPSe caled.: C, 57.28; H, 7.45%) -

. - With NaTeCg¢Hs.- {n-CsH SNI[P(H-C4H9)3]2;+C1_ 3 mmoles) and sodnum
tellurcphenolate (3. mmoles) gave 1.29 g (81% yield) of brown crystals, m.p. 49-50°.
(Found: C, 50.70: H, 6.89. C,3H;,NiPTecalcd.: C, 52.05; H,6.98%(.) . .

-With NaTeC ¢Hy(4-CH,0). {n-CsHsNi[P(n-C4Ho)31,} " Cl™ (3 mmoles) and

'sodium‘4_-inethoxytellurophenolate (3 mmoles) -gave 1.39 g (83%, yield) of green
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crystals m.p. 53-54°. (Found: C, 51.05; H, 7. 03 C24H39N10PTe caled.: C, 51. 40
H, 698 %)

With NaTeCgH,(4-CH,). 11z-C5H sNifP(n-C;Hg)51,} " CI~ (3 mmoles) and
sodium 4-methyltellurophenolate (3 mmoles) gave 1.31 g (809 yield) of green crystals,
m.p. 38-39°. (Found: C, 53.46; H, 7.18. C,,H;,NiPTecaled.: C, 52.96; H,7.17%.)

With NaTeCgh4-Ch. {n-CsHNi{Pm-Ciig);].3¥Ci™ {3 minoles) and
sodium 4-chlorotellurophenolate (3 mmoles) gave 1.29 g (76 ¥ yield) of green crystals,
m.p. 47-48°. (Found: C, 48.73; H, 6.23. C,,H;,CINiPTe calcd.: C, 48.85; H, 6.23 %)

With NaTeCgH,(3-CF,). {m-CsH N[ Pa-C,H ) 1,17l (3 mmales) and
sodium 3-(trifluoromethyl)tellurophenolate (3 mmoles) gave 1.58 g (889 yield) of
green crystals, m.p. 43-44°. (Found: C, 4746; H, 6.16. C,,H;,F:NiPTe calcd.:
C 4813; H. 602%)
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