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SUMMARY

Complexes of the general formula n-CsH Ni[P(n-C4H,);]SR (I) (where R
is H, CH;, C,H;, n-C3;H,, n-C,H,, CH,C¢Hs, CH,COOH, and COCH;) and =-
CsH;sNi[P(n-C,H;); |SCcH, X (II) (where X is H, p-CHj;, p-Cl, p-COCHj;, and
p-NQO,) have been prepared. Their IR and NMR spectra have been studied, and the
C—H out-of-plane bending vibrations and the *H chemical shifts of the z-cyclopenta-
dienyl group found to show a linear correlation with the Taft *-constants of R in
(I) and with the Hammett g-constants of X in (II).

INTRODUCTION

We previously reported the syntheses of the complexes n-CsHsNi[P(n-
C4H,);]X (X=anionic ligands)' and of some n-cyclopentadienylnickel derivatives
containing sulfur ligands?, but we did not carry out an analysis of their spectra. Re-
cently spectroscopic studies of z-cyclopentadienyl groups in n-cyclopentadienylmetal
compounds have been reported by several workers®~>, but there has been no quanti-
tative investigation of the effect of SR ligands on the spectroscopic properties of the
n-cyclopentadienyl group. We now describe the synthesis of a series of alkyl and p-
substituted phenyl mercaptide complexes, and discuss the IR and NMR. spectroscoplc
properties of the n-cyclopentadienyl group in these complexes.

RESULT AND DISCUSSION

The appropriate sodium mercaptide reacted readily in aqueous solution with
{n-CsH;Ni[P(n-C,H,);].} *Cl™ to give complexes of types (I) and (II). In the case
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of thioglycolicacid, the type (I) complex was synthesized by the reaction of thioglycolic
acid with {z-C,H;Ni[P(n-C,H,)s],}*Cl™ in the presence of triethylamine. The
vields were comparatively high in most cases.

These complexes are soluble in benzene, n-hexane and n-pentane, but react
slowly at room temperature with methylene chloride and carbon tetrachloride to give
the known complex n-CsHsNi[ P(n-CH,); ] Cl. The physical properties of the com-
plexes (I) and (II) are listed in Tables 1 and 2.

The IR spectra of the complexes (I) and (II) resemble that of n-C;HsNi-
[P(n-C,H,);]Cl except for the presence of additional absorptions characteristic of
the R and CgH, X groups. It is obvious from the data that the C—H out-of-plane
bending vibrations of the z-Cs;H s group depend on the nature of the R groups in the
complexes (I) or the X groups in the complexes (I1), although the variations are small.

TABLE 1

SOME PROPERTIES OF n-CsHsNi[P(n-C,H,),;]SR

R Mop. Color IR (cm™1)y 'H NMR (z)*
(°<) 7(CsHs)
CsHs R

n-C,H, oil Green- 776 4.82 (s, 5H) 7.85 (t, J,. 4 5.5 Hz, 2H)

brown
n-C;H, 41-41 Green 776 4.82 (s, SH) 7.85(t, J, 3 5.5 Hz, 2H)*
C,Hg 53-54 Green 776 4.82 (s, 5H) 7.85(q, J;,5 6.0 Hz, 2H)"
CH, Oil Green- 777 4385 (s, 5H) 8.20 (s, 3H)

brown
CH,CeH 38-39°  Brown 778 4.84 (s, 5H) 2.35-3.10 (m)', 6.70 (s, 2H)
H 51-52  Brown 779 4.86 (s, SH) 4.71 (s, 1H)
CgHs 51-52¢ Green 779 4.80 (s, 5H) 1.90-2.13 and 2.70-3.15 (m)’
CH,COOH  77-79 Brown 780 4.74 (s, 5H) 7.97 (s, 2H)
COCH;, 67-68 Brown 782 4.68 (s, SH) 7.55 (s, 3H)

¢ Measured in Nujol mull. * Measured in C¢D¢ with TMS as internal reference, multiplicity of peaks:
s, singlet; t, triplet; q, quartet; m, multiplet. © Ref. 2 gives 31.5-32.0°. ¢ Ref. 2 gives 45-46°. © Signals of
B, v and & hydrogens were overlapped by signals of P(n-C Hg); protons. / Overlapped by signals of CsDj
protons.

\BLE 2

)JME PROPERTIES OF 7-CsH Ni[P(n-C4H,);]SCeH X

M.p. Color IR (cm™'y  'H NMR (=)
(°c) 7(CsHs)
CsH; SCH, X
H, 49-50 Green 778 498 (s, SH) 284(d,J,,. 7.5 Hz,2H), 3.44(d,2H) 790 (s, 3F
51-52 Green 779 495 (s, 5SH) 2.62-2.83 and 3.13-3.42 (m, 5H)

o1 6364 Green 782 491 (s, SH) 261 (d, J,,, 8.0 Hz, 2H), 3.29 (d, 2H)
ZOCH,4 7980 Brown 784 4.85 (s, SH) 257(4d, J, . 9-5 Hz, 2H), 2.65 (d, 2H) 7.69 (s, 3E
NO, 113-114 Brown 792 481 (s, 5H) 238 (d, J, , 10 Hz, 2H), 2.52 (d, 2H) .

Aeasured in Nujol mull. ® Measured in CS, using TMS as internal reference: multiplicity of peaks: s, single
doublet ; m, multiplet.
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It has been claimed that the C—H out-of-plane bending vibration of the
aromatic system is related to the n-electron density of the aromatic rings, a high value
being indicative of a relatively low z-electron density®. This suggestion can be applied
to the n-CsH s ring, and it is known that the n-electron density of the z-CsH s group
in zw-cyclopentadienylmetal compounds is closely related to the charge density
on the transition metal®>. On the other hand, Kreevoy and his co-workers’ have
concluded that a linear relationship between the acid dissociation constants of
mercaptans and the Taft 6*-constants of the substituents depends on the inductive
effects of the substituents. Thus we examined the relationship between the C-H
out-of-plane bending vibrations of the n-CsHs group and Taft ¢*-constants. As
can be seen in Fig. 1, there is a good linear relationship, which indicates that the
inductive effects of the R groups in the type (I) complexes affect the n-electron density
in the n-CsH s group by transmission through the sulfur-nickel bond. In Fig. 2, the
wave numbers of the C—H out-of-plane bending vibrations are plotted against the
Hammett o-constants of the substituents of X in the type (II) complexes, and again
there is a linear correlation. The C—H out-of-plane bending vibrations of the n-CsH
group would be affected by transmission of the overall polar effect of the X group
to the benzene ring via the sulfur—nickel bond.
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Fig. 1. Plot of 7(CsHs) against o* for n-CsHsNi[P(n-C H,)s]SR.
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Fig. 2. Plot of y(CsHj5) against ¢ for n-CsHsNi[P(n-C4Hg)3]SCsHoX.
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Fig. 3. Plot of chemical shift of n-CsH against ¢* for n-CH,Ni[P(n-C,Hg);]SR.
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Fig. 4. Plot of chemical shift of z-CsH, against ¢ for n-C HsNi[P(n-C,Hg);]SCH.X.

The NMR spectra of the complexes (I)and (II) show a signal at 7 8.30-9.25 due
to the P(n-C4,H,); protons and a sharp singlet at around 7 4.90 due to the n-CsHj
protons. While in the type (I) complexes the signals of the R groups appear at the
expected positions, in type (II) complexes the resonances of the phenyl protons appear
as an AB doublet when X is p-COCH; or p-NO, and as an AX doublet when X is
p-CH3 or p-Cl(Tables 1 and 2). The *H chemical shifts of the z-C5H 5 group are linear-
ly related to the Taft o*-constants of R in the type (I) complexes and to the Hammett
o-constants of X in the type (II) complexes, as shown in Figs. 3 and 4, respectively.

We conclude that the inductive effect of the R groups and the overall polar
effect of the X groups are transmitted through the sulfur—nickel bond to influence
the m-electron density in the n-CsHs ring.

EXPERIMENTAL
Complex {n-CsHsNi[P(n-C;H,);],}*Cl- was prepared as previously de-

J. Organometal. Chem., 39 (1972)



TRI-n-BUTYLPHOSPHINE-n-CYCLOPENTADIENYLNICKEL MERCAPTIDES 393

scribed®. All the mercaptans except 4-acetylphenyl mercaptan were commercial
samples, and were used without further purification. 4-Acetylphenyl mercaptan was
obtained by Overberger’s method®. All the solvents were purified and degassed before
use, and all experiments were conducted under dry nitrogen. _

The Taft ¢*-constants of the R groups and the Hammett o-constants of the
X groups were taken from ref. 10.

IR spectra were recorded with Nujol mulls on a Perkin-Elmer model 125
spectrometer. NMR spectra were recorded on a JEOL-JNM-4H100 NMR spectro-
meter with tetramethylsilane as internal standard. Solvent effects were minimized
by taking all measurements at approximately the same concentration (ca. 8% w/v).

Reaction of {n-CsHsNi[ P(n-C4H,);1,}* Cl~ with sodium methyl mercaptide

An aqueous solution of {n-CsHNi[P(n-C,H,)3],}*Cl~ (3 mmoles) was
added to an aqueous solution of sodium methyl mercaptide (3 mmoles) at room tem-
perature under dry nitrogen. Reaction occurred immediately and a brown 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
brown residue. Recrystallization from n-pentane gave 0.63 g (569 yield) of green-
brown oily product. (Found: C, 57.76 ; H,9.50; S, 8.93. C,sH3sNiPS calcd.: C, 57.95;
H, 9.39; S, 8.59%)

Reaction of {n-CsHsNi[ P(n-C4Hg)s1,}* CI™ with sodium ethyl mercaptide

Similarly, {n-CsH;Ni[P(n-C,Hg);],}*Cl~ (3 mmoles) and sodium ethyl
mercaptide (3 mmoles) gave 0.83 g(74%/ yield) of green crystals, m.p. 53—54°. (Found :
C, 58.34; H, 9.09; S, 7.90. C,gH3,NiPS calcd.: C, 58.96; H, 9.56; S, 8.27%.)

Reaction of {n-CsHsNi[ P(n-C,Hg)s],}* Cl™ with sodium n-propyl mercaptide

{m-CsHsNi[P(n-C,Hg)3],} *Cl~ (3 mmoles) and sodium n-propyl mercaptide
(3 mmoles) gave 0.85 g (729 yield) of green crystals, m.p. 41-42°. (Found: C, 59.89;
H, 9.70; S, 8.59. C,oH3oNiPS calcd.: C, 59.89; H, 9.73; S, 7.98%.)

Reaction of {n-CsHsNi[ P(n-C,H,);],}* CI~ with sodium n-butyl mercaptide

{n-CsHsNi[P(n-C4Hy)3]>} *Cl™ (3 mmoles) and sodium n-buty! mercaptide
(3 mmoles) gave 0.55 g (419 yield) of a green-brown oil. (Found: C, 59.96; H, 10.67.
C,,H4NiPS caled.: C, 60.79; H, 9.90°,.)

Reaction of {n-CsHsNi[P(n-C,H,)3],}* Cl~ with sodium thioacetic acid

{n-CsHsNi[P(n-C,H,);],} *Cl™ (3 mmoles) and sodium thioacetic acid (3
mmoles) gave 1.13 g (869 yield) of brown crystals, m.p. 67-68°. (Found: C, 56.60;
H, 9.37; S, 7.91. C;9H;35NiOPS calcd.: C, 56.90; H, 8.75; S, 8.00%4.)

Reaction of {n-CsHsNi[ P(n-C4Hy);],}* Cl™ with sodium 4-methylphenyl mercaptide

{n-CsHsNi[P(n-C,H;);]1,}*Cl~ (3 mmoles) and sodium 4-methylphenyl
mercaptide (3 mmoles) gave 1.12 g(83%/ yield) of green crystals, m.p. 49—50°. (Found :
C, 63.92; H, 8.59; S, 6.88. C,,H,,NiPS calcd.: C, 64.19; H, 8.69: S, 7.13%.)

Reaction of {n-CsHsNi[P(n-C,H,)3],}* Cl~ with sodium 4-chlorophenyl mercaptide
{n-CsH,;Ni[P(n-C,Hy);],} *Cl~ (3 mmoles) and sodium 4-chlorophenyl
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mercaptide (3 mmoles), gave 1.25 g (89% yield) of green crystals, m.p. 63—64°.
(Found: C, 58.57; H, 7.85. C,3H3¢CINIiPS calcd.: C, 58.82; H, 7.69%.)

Reaction of {n-CsHsNi[ P(n-C4H,);],} * Cl~ with sodium 4-acetylphenyl mercaptide

Similarly, but with recrystallization from n-hexane, {n-CsH;Ni[P(n-
C.Hs);5].} T Cl1™ (3 mmoles) with sodium 4-acetylphenyl mercaptide (3 mmoles) gave
1.11 g (779 yield) of brown crystals, m.p. 79—-80°. (Found: C, 62.86; H, 8.23; S, 6.91.
C,sH3oNiOPS caled.: C, 62.93; H, 8.18; S, 6.71%.)

Reaction of {n-CsHsNi[P(n-C4H,);],}" ClI~ with sodium 4-nitrophenyl mercaptide

Similarly, but with recrystallization from benzene/n-hexane, {n-C;H ;Ni[P-
(n-C,Hy)5];}*Cl™ (3 mmoles) and sodium 4-nitrophenyl mercaptide (3 mmoles)
gave 1.30 g (879 yield) of brown crystals, m.p. 113-114°, (Found: C, 57.48; H, 8.26:
S, 6.49. C,;H;(NNiOPS caled.: C, 57.54; H, 7.52; S, 6.67%;.)

Reaction of {n-CsHsNi[P(n-C,Hy)3].} " Cl~ with thioglycolic acid in the presence of
triethylamine

An aqueous solution of {n-CsHsNi[P(n-C,H,);],}*Cl™ (3 mmoles) was
added to an aqueous solution of thioglycolic acid (3 mmoles) in the presence of tri-
ethylamine (3 mmoles) at room temperature. A brown precipitate immediately form-
ed. The mixture was extracted with benzene, and the benzene solution was dried over
anhydrous calcium chloride. The benzene was removed under vacuum, and recrystal-
lization from benzene/n-hexane gave 0.79 g (629, yield) of brown solid, m.p. 77-79°.
(Found: C, 54.22; H, 8.56. C,,H3sNiO,PS calcd. : C, 54.67; H, 8.39%,.)
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