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Summary 

, The 31P NMR spectra of C6H5XCr(CO)zP(C6H5)3 (X = H, CH3, 0CH3, 
N(CH3)2, COOCH3) (I), JI-&.H~X&~(CO)~P(CBH~)~-(X = COOCH3) (II) and 
C6H3X3Cr(C0)2P(C6H5 j3 (X = CH,) (III) complexes in neutral and acidic media 
were investigated. The protonation of complexes I and III in trifluoroacetic 
acid results in the greater upfield shielding of 31P-{‘H} signal. In this case 
the complexes I (X = H, CHs, 0CH3) are completely protonated at the metal, 
complex I (X =.COOCH,) is partially .protonated, while no proton&ion occurs 
in the case of complex II. 

Temperaturedependence- of the 31P- {‘H) NMR spectra was investigated 
for complexes I (X = H, OCH,) in a l/10 mixture of trifluoroacetic adid and 
toluene and for complexes I (X = COOCH3) and II in trifluoroacetic acid. The 
degree of protonation was found to increase with decreasing temperature. 

13C NMR spectroscopy has been used in the study of some aspects of the 
electronic and geometric configurations of the Ir-arenechromium complexes 
[l-33. However the j-‘P spectra of these complexes with phdsphorous ligands 
have not been recorded up to the present- time. This work is concerned with a 
31P NMR investigation of’the electronic and geometric structures of arenechro-_- 
mium dicarbonyl triphenylphosphines with various substituents in the .ti-aromati 
ic ring (compounds I-III) in neutral and acidic. media*. .Carbon disulfide was 
used as the neutral solvent and trifluoroacetic acid as acid. . 

: - 
. 

* The ctknplexes I and III have been found to undergo hyd&gexi exchmg6 with CF&OoD.[43; ‘. 



(I) a: X = H (31 X = COOCH3 tlE,-X = CH3 

brX=CH, . . 
f: x = OCH, 
d: X = N(CH3)2 
e: X = COOCH, 

All compounds I-III show a narrow singlet in the 31P-{rH] spectra in 
carbon disulfide at ZO”C, showing that sufficiently fast internal rotation about 
the Arcr n-bond takes place that no separate rotational isomers are observed 
under these conditions [5-61. The 31P-{1H) spectra of complexes I-III in 
CF,COOH at room temperature also_show a singlet shifted upfield with respect 
to that in CS2. Addition of toluene to the acid affords two signals in some 
cases. 

The ‘lP chemical shifts of the complexes investigated in CS? and CF,COOH 
at 20°C are listecj in Table 1. Table 2 combines.the temperaturedependences of 
the 31P~{1H) spectra of compounds Id and IIb in CF,COOH and compounds 
Ia and Ib in a l/10 mixture of CF,COOH and toluene. 

Analysis of. the data obtained shows that coordination of the triphenyl- 
phosphme ligand with chromium atom in complexes III1 causes a sharp down- 
field shift of the 3?P signal with respect to PPh3. .This shiftdepends on various 
factors (the medium, substituent in the n-aromatic ligand, etc.) and is about 
90-100 ppm in carbon disulfide. A similar phenomenon is known for many 
other types of transition:metal coordination compound [7]_ i 

Interesting behaviour was observed on the effects of the n:r-arenic ligand 
subskuents on 31P shielding. In I and III in carbon disulfidethe electron donor 
substituents (CH,, 0CH3, 1,3,5-(CH3)3, and N(CH,),) produce a deshielding 

TABLE 1 

THE 31P.CHEMICAL SHIFTS OF AICI<CO)~P<C~H~)~ IN CSJ AND CF3COOH AT 20% = 

Ar 6 <3’P) @pm)’ : ii6 
. . [6(31P)(CF&!OdH) - S<31P)<CS2)j : 

-- CS2. : CF3COOH <ppm) . 

H~COOCC6fi4COOCIi+_ -i2;32 -75.01 7.31 
CijH5COOCH3 -87.04. -79.59 7.45 

C6H6 .- -91.12 :_ . -70.93. 20:19 _: -. 

C6H5CH3 --91.9? -72.02 19.95. 
C6HsOCH3 

_. 
-92.21 

. . 
-72.26 19.95 

1.3.5-<CH&&jHj -92.55 ’ -73.19 19.36 

Cs&N<CH3)2 -93.74 -78.12 15.62 = 

= For P(C&5)3 6(31P) = 6.0 [‘Il. b Speck was recorded at 10°C. = A decreaie of A6 from 20 to 15.62 
may be exptied by_ pr$onation at N(CH3)2 graup. _._ -_ .- 
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.effeet on the ‘lP nuclei in the tiphenylphosphine ligand:the downfield signal 
shift with respect to unsubstituted. Ia is 1-2 ppm_ .Qn the Other hand the 

‘_ electron attractive group COOCH3 affords additional shielding of the ‘*P nuclei: 
: a 4 ppm upfield shift is observed. The data of.,Table 1 for compounds II and HI 

demonstrate also that introduction of the new substituents into the r-aromatic 
ring enhances their shielding effect on the 3rP nuclei. 

It should be noted that_ qualitatively $he effect of various ;ir-arenic ring 
substituents in complexes I o~.~‘P-shielding is similar to that on 13C of carbunyl 
ligands in these derivatives and in the compounds (7r-C,H,X)Cr(CO), [2,3] and 
in (Ir-C&X)Mn(CO), [ 81. 

Actually, the same sequence is always observed for the change of shielding 
of the indicator nucleus with the character of substituents in neutral solvents: 
N(CH,), < OCH3 < CH3 < H < COOCH,; an increase of shielding of ‘lP (in 
PPh3 ligand) and 13C (in CO ligands). 

However, the 31P nuclei are more sensitive than 13C to the substituent 
effects_ More rigorous estimations need special analysis. 

Earlier we found by PMR and IR that at room temperature the derivatives 
I with electron donor substituents, benzenechrotiium dicarbonyl triphenylphos- 
phine (la), and complex III in CF,COOH are entirely protonated at the metal 
atom 191. However, under the’same conditions complex Id is protonated only 
partially while no protonation occurs in the case of II. 

We continued the study of the protonation complexes I-III in acidic medium 
using 31P NMR_ It was shown that in CF,COOH the 31P signals of the triphenyl- 
phosphine ligand in I-HI are shifted essentially upfield with respect to those 
observed in neutral CSp (the value of shift is equal to 7-20 ppm (Table 1) Ear- 
lier, similar behaviour was observed in the 31P NMR study of protonation of 
?r-cyclopentadienylmanganese complexes with phosphorus ligands [lo]. 

In principle the effect of CF,COOH may be due to a dual solvent effect: 
a non-specific solvation of the complexes by acid molecules or/and specific 
solvation including.protonation. For elucidating a non-specific salvation by 
CF,COOH in the total solvent effect we measured the 31P spectrum of com- 
pound II, whose IR spectrum showed no protonation in this acid. Thus the 
value A6 = G(“P)(CF3COOH) - S(31P)(CS,) for complex II of 7 ppm provides 
some evidence of the sizeof effect-of the non-specific solvation. 

The 3LP spectrum of HI taken without proton decoupling shows two 
equally intense sigrials instead ,.of one as in the_3*P-{ ‘H} spectrum. Probably 
the splitting is due to 31p,‘H spin Coupling; the value of 63 Hz obtained (as 
found earlier. [9 J) shows that in III-and obviously in-Ia-e the acid proton adds to 
the metal atom with formation of P-Cr-H. 

Ar Al- Al- 
l I 

C,--_-,-, or (1) 

cis- isomer trans- isomer 

(IPa) (IYb) 
. . 

It should be pointed out thtit the 3*,P-Cr-1H spin coupling is evidence of 
-the sufficiently high: lifetime .of the Cr-H bond (in excess solvent) on the NMR 
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time scale. In turn this also.shows that in excess CF&COH-the protonation of 
XCI and la-e (eqn. 1) is shied entirely to the right. Smce.in’many cases the .: -1 
31P-(1H) NMR spectrum shows only one signalwe may assume the-f&nation 
of one isomer: cis or tram with square pyramidal sticture.(IVa; IVb) -in the 
protonation of these complexes..Th@ configuration. of this isomer m&y be deduc- 
ed on the basis of data for transition metal-compounds with similar structure, in 
particular,the neutral compounds X-C,H,M(CO),PR,H (M = MO, W;R =%lkyI,. 
CsH5 etc.) [.10-X4]. E ar 1 ier was found [9] that the. 63 Hz splitting is in. agreement 
with cis structure IVa. . . : 

Unlike the derivatives III and Ia-d under such conditions-(CF&OOH, room 
temperature) complex Ie is only protonated partially. Actually the value of 1. i 
759.0 ppm at 20-40°C gives no clear evidence of the protonation; However the 
signal width (170-190 Hz)-(Figs. la and b) under these conditions shows that 
Ie participates in some dynamic reaction, probably protonation (eqn:! 1). How-’ 
ever, when the temperature is decreased to -10°C the “P signal of this compound 
is narrower by an order of magnitude and shifted essentially upfield (Fig. lb) 
and the value A6 attains xl9 ppm. Such temperature-dependence.is practically 
absent (Table 2) in the spectrum of II unprotonated in CF&OOH. Thus one 
may conclude that at room temperature Ie is only partially protonated [16]. 

+ 40-c 
(4 

. . . 
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With decr&se. of temperature, however,. the eqgilibrium is shifted mqkedly 
~tbwards the prqtonated form. . . 1 .: 

-. For elucidatiqthe_‘protonation of compounds Ia& and in particular for 
determining their relative affinities for proton addition, reaction 1 was investigat- 
ed in CF,COOH--toluene (l/10) mixture (Table 2); Fig. 2 shows the tempera- 
ture-dependence of 311?-{1H3. NMR spectra of complex Ia in this mixture. At 
40°Cthe speckum contains a rather narrow singlet which chemical shift 

: indicates an unprotonated compound, Ia, under such conditions (Fig. 2a). With 
decrease of temperature the second signal of the protonated compound appears 
(Figs. 2b and c). We note that at -10°C the signal intensities corresponding to 
both forms are,nearly the same, while at -30°C an increase in the signal intkn- 
sity of the protonated form is four-fold. 

The spectrum of complex Ic at 40°C in the mixture of solvents shows a 
broad singlet with an intermediate chemical shift (Table 2) demonstrating an 

(a) 

(b) 

L 
I ioo 1 , 

90 so 70 
I mm 

Fig. i..!3ti{lH) NMB &da-a of C&&r@O)~P(C,jH5)3 im CF#2OOH-_toluene <l/10> mid+ at 
~~irariOystemp?ra~ .. -.-- <.~ .-.. :..y : .:~..- -I- .; .-.-z L .. ‘.--c -:. ..- L : ; : 

-30°C 
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equilibrium ofclose quantities of-the protonated and non-protonated forms and 
the lifetime of C-H bond is comparable to the difference of. their chemical. 
shifts. At.tlie lower temi;emture.(-30°C) the spectnim sho$S.two (instead’of 
one) narrow singlets, corresponding .to protonated and-.non-protonated forms; 
It should be noted that in this case the ratio of, sig&ds’correspondingto the. 
protonated and non-protonated formsis 14/l, This allows us to conclude that _ 
under the same conditions the methoxy derivative Ic is more readily protonab 
ed than Ia, with the unsubstituted n-arenic ring. 

The following series of proton affinities of .compounds .I may be proposed 
on the basis of the qualitative data: 

It may be readily seen that this series is consistent with the above-mentioned 
series of substituent effects on 31P shielding in the triphenylphosphine ligand. 
One may thus assume that the change of chromium affinity for a proton depends 
on the charge distribution over a molecule and thus on the type of substituent 
(donor or acceptor) in the x-aromatic ring; 

The temperature dependence of 31P-{1H3 spectra of ArCr(C0)2P(C6H5)3 
in acidic media shows that metal protonation is facilitated at lower temperatures. 
Probably the protonated form of these compounds is thermodynamically more 
favourable when the temperature is low. 

Experimental 

ArCr(C0)2P(C6H5)3 compounds were obtained from AIC~(CO)~ and P(CsH& 
by a previously used method [ 171. The compounds were identified by their 
m.p.‘s and IR spectra. The solutions of ArCr(CO)zP(CsHS)3 in CSz, CF&OOH 
and CF3COOH-toluene (l/10) were prepared under argon. The 31P NMR spectra 
were registered on a Bruker HX-90 spectrometer with Fourier transform and 
proton decoupling with noise modulation. The operating frequency was 36.43 
MHz. 85% H3P04 was used as an external standard. 
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