
. 
.115 

Journal of OGanometalIic Chemistry. 96 (19115) 115-121 
@ ELsevier Sequoia S-A., Lausanne - Printed in The Netherlands 

l 

STABILIZATION OF NEGATIVE CHARGE BY THE COBALTICINIUM 
NUCLEUS 

II*. ACIDITY OF HYDROXY-2,3,4,5TETRAARYL AND HYDROXY-2,3,4,5- 
TETRAALKYL COBALTICINIUM AND RHODICINIUM SALTS 

JOHN E. SHEtATS* and WILLIAM MILLER 

Department of Chemistry, Rider College, Trenton, NJ. 08602 (U.S.A) 

M.D. RAUSCH, S-A. GARDNER, P.S. ANDREWS and F.A. HIGBIE 

Department of Chemistry, University of Massachusetts Amherst, Mass- 01002 (U.S.A.) 

(Received February 9th, 1975) 

Hydroxy-2,3,4,5-tetra-substituted cobalticinium and rhodicinium salts ex- 
ist in proteolytic equilibrium with stable cyclopentadienone complexes. The 
changes in IR, UV and NMR spectra upon dissociation are described. Acidity 
constants, Ka have been determined spe$ophotometrically for the following 
hydroxymetallocinium salts, C,R,OH M C,H,: R = CH,, M = Co, 4.30 + 0.07; 
R = C,H,, M = Co, 2.42 i O-05; R = C,F,, M = Co, -0.60 i 0.10; R = C,H,, M = 
Rh, 2.54 t 0.03; R = C,F,, M = Rh, -0.41 t O-10_ 

The acidity increases with increasing electronegativity of the R group and 
decreases slightly when Co*” is replaced by Rh”‘. The lower acidity of the Rh 
compounds reflects a slightly lower electronegativity of Rh as compared to Co. 

Introduction 

Cyclopentadienyl tetraalkyl- or tetraaryl-cyclopentadienone cobalt or rhodi- 
um compounds (IIa-He) can be prepared by thermal or photochemical decom- 
position of cyclopentadienyl cobalt or rhodium dicarbonyl in the presence of 
di-substituted acetylenes (eqn. 1) Cl-53 _ A wide varietg of other orgauoni&al- 
lit complexes including cyclobutadiene complexes and polynuclear species.kre 
also formed 13-5 3_ A simpler procedure which offers better yields is the thermal 

l For part I see reef. 7_ 
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decomposition of Ia or Ib in the presence of the appropriate tetra-substituted 
cyclopentadienone in xylene ]6,8] _ 

Q-$M (CO), -t RC=CR - 

Ia M = Co 

Ib M = Rh 

I R& 0 

)=c 
R R 

IIa R=CE-I~.M=CO 

Iib R=C&??.M=CO 

DC R= C& _ M = Co 

iId R=C&,M=Rh 

fle R = C&,M = Rh 

R 

! 
R Oii 

%r 
/J-Y 

R R 

H- + 
T M (2) 

Previous investigators had proposed a strong resonance interaction between 
the metal atom and the carbonyl group, leading to a partial polarization of the 
car-bony1 group [I J . The limiting cases of such resonance would be the dipolar 
structures ma-fIIe_ Evidence given for single-bond character of the C-O bond 
was the reduction of the C=O absorption from 1710 cm-’ in tetraphenylcyclo- 
pentadienone to 1570 cm-’ in IIa. Marked changes in the ultraviolet spectrum 
of IIb in acidic media were attributed to interaction of the solvent with the car- 
bony1 group [23 - In an earli- paper 161 we showed that protonation of IIb 00 
curred in acidic solutions to produce stable hydroxycobalticinium salts Wb. In 
this paper we will study additional complexes of cobalt and rhodium, measure 
+&e acidity and note tie changes in spectra observed. 

Results and discussion 

Compounds IIa-IIe were prepared as described previously [l-5,8]. The infra- 
red spectra in chloroform and in BBr show@ strong maxima in the region X570- 
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TABLE1 

INFRAREDSPECTRAOFTHEC--OBONDSOFnC~CLOPENTADI~ONEC~MPL~ESI~-a-IIeAND 
HYDROXYMETALLOCENESIVa-we 

Compound lJ*- cc=o) 
<Cm-'> 

Compound 

Ha 
IIh 
IIC 

IId 
IIe 
Tetraphenyl- 
cydopentadienone 

1570 
1585 
1605 

1582 
1615 

1710 

IVa 1485= 
IVh 1430 
IVC 1467 

IVd 1430 
IVe 1472 

1620 cm-’ characiorktic of the C=O group (Table 1). When cbIoroform solu- 
tions of IIa-IIe were shaken with concentrated hydrochloric acid or fluoroboric 
acid, the infrared absorption at 1570-1620 cm-’ disappeared and a new peak ap- 
peared in the region 1430-1485 cm- I- -4n OH stretch also appears in the region 
3500-2500 cm-’ but is broad and poorly defined. Salts IVa-IVe could be isolated _ 
in quantitative yield by evaporation of the chloroform [S] . The absorption of 
the C-O bond of IVa-IVe is approximately 200 cm-’ higher than that of phe- 
nols, which usuahy absorb around 1250 cm-‘. (Phenols also exhibit an additional 
absorption in the region 1310-1410 cm- 1 attributed to the OH bending modes.) 
The C-C bond therefore stih possesses substantial double bond character. The 
higher electronegativity of the C,F, group in IIc and IIe increases the resonance 
interaction between the OH group and the ring, and produces absorption approx- 
imately 20-40 cm-’ higher than the C,H, compounds IIb and IId. 

TABLE2 

WSPECTRAOFCOMPOUNDSIIa-IIeANDIVa-IVe 

Compound Am, cm0 Solvent 

E E E 

IIa 286<22500) 3~8<1805) 4OO<sh)<864) O.lM NaOH 
IVa 284(32600) 350<1654) 12MHCl 

IIb strongendabsorption 333<11510) 510(207) 5O%dioxane 

IVb strongendabsorption 334<20500) 516<16) 5046dioxanel 
6MHCl 

Ixc 
IVC 

265<25100) 
250(35000) 

319(14150) 400<3180) 450<1590> 809bdioxane 
322<30000) 370(3500) 430(1400> 8096dioxanel 

14tH2S04 

IId 289(20200) 

IVd 290<23100) 
354(sb)<3200) 41O(sh)<956) sO%dioxane 

5046dioxanel 

6dfHCI 

ne 
IVe 

276<27600) 
277<26200) 

365(4830) 809bdioxane 
80%dioxanel 

14WH2S04 
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TABLE 3 

h%R SPECTRA OF UNSUBSTITUTED CYCLOPENTADIENYL RINGS OF Ha-He A-ND IVa-IVe 

Compound ChemicaI shift 

E @pm) 
Compound Chemical shift 

6 @pm) 

IIa 4.62 <1.75.1.95)= IVa 5.07 (1.99.2.05)= 
Hb 4.90 IVb 5-64 

IIC 5.33 IVC 5-80 

Hd 5.35.5.37 <J== 1 Hz) IVd 5.93 
He 5.67 IVe 6.17 

= CH3 izroups. 

The UV spectra of compounds IIa-IIe (Table 2) exhibits strong absorption in 
the region 260-290 nm (E > ZOOOO), a maximum at 320-350 nm (E 5000-10000) 
and shoulders in the region 400-500 nm. In acidic media of sufficient strength 
compounds IIa-IIe are protonated to form the hydroxymetallocenes IVa-IVe 
which show greatly diminished absorption in the region 400-500 but similar ab- 
sorption below 400, It is this decrease in absorption in the region 400-590 upon 
protonation which enables us to measure the equilibrium constants, K, for the 
dissociation of IVa-IVe, 

The NMR absorption of the unsubstituted cyclopentadienyl ring of IIa-IIe 
(Table 3) undergoes a downfield shift of 0.4-0.7 ppm upon protonation. The me- 
thyl groups in IIa are also shifted downfield 0.1-0.2 ppm upon protonation. A 
small splitting (J = 1 Hz) is observed in the case of IId which is caused by cou- 
pling with the ‘@3Rh nucleus. The peaks in IVd, IVe and IIe are somewhat 
broader than for the Co analogs but do not show a definite splitting pattern. In- 
creasing electronegativity of R produces a downfield shift CH, < C&I, < C,F,. 
of the same magnitude in II%IIc and IVa-IVc_ The positions of the absorptions 
for IVa-IVe are consistent with the hydroxymetallocene structure proposed. 

The acidity constants (p&) for compounds IIa-IIe are given in Table 4- An ef- 
fort was made to use the most polar solvents possible which would dissolve both 
Ha-IIe and IVa-We. The low solubility of compounds IIc and IIe caused particu- 
lar difficulty- 

The activity of the hydrogen ion in these solutions is assumed to be equal to 

TABLE 4 

ACIDITY OF HYDROXYCOBALTICINIUM AND RHODICINIUM SALTS 

Compound p& Solvent 

Ila 4.30 f 0.07 Hz0 

nb 

IIC 

IId 

IIe 

242 f 0.05 50% dioxane Hz0 

2.28 2 0.10 50% C2HsOH HzO= 

-0.60 k 0.10 80% dioxane Hz0 

.2.54 f 0.03 50% dioxane Hz0 

-0-41 5 0.10 80% diorane Hz0 

= Ref. 6_ 



its concentration. This assumption is particularly questionable in 80% dioxane, 
where the dielectric constant of the medium is substantially lower than that of 
water. The amount of data available is inadequate for a Hammett correlation, but 
the relationship between the acidity of compounds IVa-IVe and the electroneg- 
ativity of R is clear. Compound IVa is a weak acid, approximately three times as 
strong as acetic acid and lo5 times as strong as phenol. The strong electron with- 
drawing field, inductive and resonance effects of the cobalticinium nucleus pre- 
viousIy demonstrated in the case of alkyl and aminocobalticinium salts [7] are 
here reflected in the acidity of hydroxycobalticinium salts. Increasing the elec- 
tronegativity of R results in a substantial enhancement of the acidity, so that 
IVc and IVe are comparable in strength to the mineral acids- The decrease in 
electronegativity as one moves down the periodic table, is suggested by the 
slightly lower acidity of the rhodium compounds IVd-IVe as compared to the 
cobalt analogs IVb-IVc_ 

Experimental 

Compounds IIa [ 1] and IIb [ 1,6,8] were prepared and characterized as pub- 
lished previously. Samples of compounds IIc [ 51, IId [ 31 and IIe [4] were ob- 
tained from the authors cited. Analytical data for all of the compounds are 
given in Table 5. IR spectra were measured in chloroform solution and as KBr 
pellets on a Fe&in-Elmer 237-B Spectrophotometer. Complete spectra are 
available upon request. The NMR spectra were measured in chloroform-d with 
TMS internal standard on a Varian A 60-A Spectrometer. 

Determination of the pK,of IIa-IIe 
A l-00 X lo-* M solution of IIa in water was prepared and 1 ml aliquots di- 

luted to 10 ml with 0.1 M NaOH, water, pH 5, pH 4 and pH 3 potassium acid 
phthalate buffers and 12 M HCl. The solution in NaOH was taken as the spec- 
trum of IIa and the solution in HCl as the protonated form IVa. The absorption 
of the solutions was measured at 10 nm intervals over the range 370-450 nm on 
a Zeiss PMQ-2 spectrophotometer and the relative amounts of IIa and IVa in 
each of the three buffer solutions calculated. From these data the pK, was cal- 
CUlated, 

Solutions 1.00 X low3 M in compounds IIb and 4 X lob3 M in IId were pre- 
pared in dioxaue and 1 ml aliquots were diluted with 4 ml of dioxane and 5 ml 
of the following: water, pH 3 buffer, 0.008 M HCI, O-01 M HCI and 0.02 M 
HCl and 12.0 M HCL. The resulting solutions were 1.00 X 10e4 M IIb or 
4.00 X 10m4 M IId in 50% dioxane containing O-6.0 M HCI. The solutions con- 
taining no HCl were taken as the standards for IIb and IId and solutions contain- 
ing 6 M HCl as standards for IVb and IVd. Spectra and pK, values were calculated 
as described previously. 

Solutions 10m3 M in Ik and IIe were prepared in dioxane and 1 ml ahquots 
diluted with 7 ml of dioxane and 2 ml of the following: water, 1.0 M HCI, 3.0 
M HCl, and 70% sulfuric acid. The solutions with water gave the spectra for IIc 
and IIe, the solution with sulfuric acid gave the spectra for IVc and IVe, and 
the 3-O M HCl gave the spectra of a mixture of IIc and IVc or IIe and IVe. Com- 
pounds Ilc and IIe were approximately 20% protonated in the solution made 
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from 6.0 M H&i More concentrated HCl solutions were im&&lti~iiiih’~e~.&-~ -’ 

administered by the American ti&nicd Soci- 
ety, for suppoti of this research. 

References 

1 R. Ma&by. IX-W. Siernbvg and 1. Wender. Chem. Ind. (London). <l959> 1381. 

2 G.N. Schrauzer and G. KrateI. J. OrganometaL Chem.. i6 (1964) 336. 

3 S.A. Gardner. P.S. Andrews and M_D. Rauscb, Lnorg. Chem.. 12 (1973) 2396. 
4 M.D. paunch. P.S. Andrews and S-A. Gardner. Organometal. Chem- Syn.. l(l97l) 289. 
5 F.A. Higbie. M.S. Thesis, Univekity of Massachusetts. 1969. P. 20. 
6 J.E. Sheats and M.D. Rausch. J. Org. Cham., 35 (1970) 3245. 
7 J.E. Sheats. W. Milk and T_ Kirscb. J. OrganometaI. Cbam.. 91<1975) 97_ 
8 MJJ. Rausch and R-A. Genetti. J. Org. Chem.. 35 (1970) 3888. 


