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Previously we have shown the usefulness of integrated
infrared intensity measurements of the wy, vibration
in assessing 7 electronic delocalization in transition
metal molecular nitrogen compounds.!? An extension
of these studies to include absolute infrared intensity
measurements of the dinitrogen stretching vibration in
Re(Ph2PCH2CH2PPh2)2(N2)C1, Re(BIEQPhP)4(N2)CL
and M’G?ZS-M(Ph2PCH2CH2PPh2)2(N2)2 (M = 1\f[0
and W) is reported here. These compounds are of
particular interest since they contain some of the
lowest N, stretching frequencies observed to date for
transition metal-dinitrogen species. In fact, the N,
moiety in Re(Me,PhP);(N;)Cl has been found to
interact with Lewis acids®* (e.g., TiCl;-3THF), pre-
sumably due to extensive delocalization of m-electronic

NoTES

Elemental analyses were performed by Schwarzkopf Micto-
analytical Laboratories, Woodside, N. Y.

Infrared spectra wetre measured on a Perkin-Elmer 521 spec-
trophotometer equipped with a linear absorbance potentiometer.
Spectra of the Re(I) complexes were determined in spectrograde
chloroform; however, because of their reactivity with halogenated
solvents, spectta of the W(0) and Mo(0) complexes were deter-
mined in spectrograde carbon disulfide.

Results and Discussion

The results of intensity studies on the Re(I), W(0),
and Mo(0) complexes are given in Table I and the data
are plotted in Figure 1. A linear relationship be-
tween w»n, or the force constant®—% and the absolute
intensity (4) in these and isoelectronic Os(II) com-
plexes has been established. The least-squares line
for all the points thus far determined for the isoelec-
tronic series of Os(II), Re(I), and W(0) compounds
may be expressed as vy, (cm™!) = 22989 — 3.61 X
10734, with a standard deviation (s) of 8.9 cm™!
or as ky, (mdyn/A) = 21.29 — 5.66 X 10~34, witha o
value of 0.12 mdyn/A.

The qualitative relationship between »y, or Ay, and
the absolute intensity can be thought of in the same
manner as that proposed for metal carbonyls with »co
less than 2143 cm~1.° That is, the infrared intensity
of the dinitrogen stretching vibration is largely de-
termined by the extent of w-electronic charge trans-
ferred from the transition metal to the dinitrogen
ligand during the N, stretching motion.

TaBLE 1

INFRARED FREQUENCIES, HALF-BANDWIDTHS, EXTINCTION COEFFICIENTS, INTENSITIES, AND GROUP DIPOLE MOMENT
DERIVATIVES FOR THE 7y, VIBRATION IN Re(I), W(0), AND Mo(0) COMPLEXES

Compd Vib, ecm !
Re(Ph,PCH,CH;PPh, )2 (N,)Cl 1971.5 (A1)
Re(Me,PhP)y(N:)Cl 1921.0 (A1)

W (PhyPCHyCH>PPhy )a(Ns)s 1045.1 (Ag)
2007.9 (Agg)
1973.5 (Asy)

2038.6 (Ag)

Mo (Ph,PCH,CH,PPh,):(N: ),

10-%,% M1

Apysz, em 1L cm !t 10-44% A~ em -2 wMNS
29.4 9.70 8.95 = 0.11 7.92
24 .4 13.7 10.8 = 0.12 8.71
19.0 35.4 18.9 = 0.22 8.14
(19.0) 1.9) (1.0 = 0.10)¢
19.7 34.0 19.4 = 0.15 8.24
(19.2) 4.2) (2.3 = 0.10)¢

@ Obtained from the least-squares slope of absorbance vs. concentration plots. ® Defined as (2.303/¢cl) Slog (Io/I) dv, where ¢ equals

the concentration in moles per liter and [ equals the cell path length in centimeters.
¢ These are calculated as described in ref 1 with an additional factor of 2

least-squares analyses of the intensity vs. concentration plots.

in the equation for the bis-dinitrogen complexes of molybdenum and tungsten, <.e., I = 2Gun'un.2
(infrared forbidden) is presumably borrowed from the Aj, species mode.

correlation between vy, and intensity significantly.

charge from the transition metal to the dinitrogen
ligand.

Experimental Section

Re(thPCHzCHzPPh2)2<NQ)CI and Re(NIegPhP)4(N2>CI were
synthesized and purified by the method of Chatt and co-workers.b
Anal. Caled for Re(thPCHzCHzPPh2>2<Nz>C12 C, 59.7;
H, 4.6; N, 27. Found: C, 5&9.85; H, 4.76; N,
2.81. Calcd for Re(Me:PhP)(N:)Cl: C, 48.0; H, 5.5; N, 3.5.
Found: C, 48.20; H, 5.63; N, 3.86. The irans-
M(Ph,PCH;CH,PPh;)2(N2)s, where M = Mo and W, were
generous gifts of Dr. R. L. Richards. These gave the following

analyses. Caled for Mo(PhePCH.CHyPPh;)(N2)e: C, 65.8;
H, 5.09; N, 5.90. TFound: C, 65.73; H, 5.17; N,
6.01. Caled for W(Ph,PCH.CH;PPh;):(Ns): C, 60.24; H,

4.66; N, 5.40. Tound: C,60.13; H,4.72; N, 5.53.
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¢ The intensity of the Ay, vibration
Including this intensity in the As, mode will not alter the

This is indeed substantiated by the significant effect
of a change in nuclear charge of the central metal in a
closely related isoelectronic series in which the intensity
increases as the nuclear charge decreases.’® The extent

(6) The force constants were calculated assuming no interaction between
the N: stretching mode and other deformations of the molecule, In the
mono-dinitrogen complexes the force constant is therefore simply propor-
tional to the square of the frequency, 7.e., 472¢2p2 = uN,EN,, where un, is the
reciprocal of the reduced mass of the N: group. However, for the bis-di-
nitrogen species an interaction constant (k) for the trans N groups is neces-
sary. This leads to the expressions’ Aajy = 472202 = uN,(kN, 4 ki) and
NA2g = UNy(EN,; — ki). Thekj's are calculated to be 0.55 and 0.53 in the Mo
and W derivatives, respectively, It follows that kx, in these cases is very
dependent on the value of the interaction constant. Jomnes, e¢f al.,3 have
shown that the interaction constants in metal carbonyls are extremely sensi-
tive to the force field employed. Therefore, it is felt that the frequency cor-
relation is probably more meaningful although the force constant correlation
leads to the same conclusions.
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Figure 1.—Correlation of vy, and absolute iritensity (4). The
numbers correspond to the following compounds: 1, Re(N;)Cl-
(Me:PhP); 2, W(Ph,PCH,CH,PPhs)s(Ne)s; 3, Re(N;)Cl(Phe-
PCHzCHzPth)z,’ 4, MO(thPCHzCHzPth)z(Nz)z} 5, OS(NZ)‘
Clz(EtzPhP)a; 6, OS(Nz)Clg(MezPhP)a; 7, OS(Nz)BI‘z(MCzPhP),@}
8, Os(N;)Bry(Me:PhP);P(OMe),Ph. Intensity data for the
Os(II) complexes are found in ref 2.

of m bonding from the metal increases with a decrease
in nuclear charge in an isoelectronic series. At the
same time there is a concomitant decrease in the N;
stretching frequency. The larger dipole moment de:
rivatives in the Re(I) complexes as compared with those
of the Os(II) complexes are in lihe with the greater
stahility of the Re(I) species. In addition, the large
value for the intensity of the N, stretch in Re(Me;-
PhP)s(N,)Cl is in agreement with the reactivity of
the terminal nitrogen of the N, ligand toward Lewis
acids. Electron emission spectra from the nitrogen 1is
orbitals of rhenium(I)-dinitrogen complexes also sug-
gest that the N-N bond has considerable polarity
with the terminal nitrogen having a small hegative
charge. It is also observed in these studies that as
the N, stretching frequency increases, this polarity
of the N-N bond decreases.!!

It is foteworthy that the intercept (4 = 0) in Fig-
ure 1 lies close to the Raman frequency of free dinitro-
gen (2330 cm™1). ,

The above discussion implies that transition metal-
molecular nitrogen complexes with large infrared in-
tensity values for the dinitrogen stretching frequeinicy
are those most likely to interdct with Lewis acids. This
type of interaction is expected to be very important
in the reduction of the dinitrogen ligadd.® Indeed,
this interaction has been shown to be essential in the
reduction of the dinitrogen ligand in cobalt!? and iron'®
complexes.
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Recently our work here has centered around the
protonation of zerovalent platinum complexes and in
this study we have obtained a hydride from the reac-
tion of Pt(PPh;), with trifluoroacetic acid where the
anion -is a dimer of hydrogen-bonded trifluoroacetate
groups.! In a related study we have found that the
complexes Pt(MeOPPh,); and Pt(BuOPPh,), are also
readily protonated by carboxylic acids but that the re-
sulting hydride complexes are difficult to isolate in a
pure state.? Because of phosphine exchange, several of
these hydride complexes showed sharp lines in theé 'H
nmr spectrum with no observable Jp_g couplirig, and
we were interested to see if this occurred with alkoxy-
diphenylphosphine hydride complexes of other transi-
tion metals. In this note we report our results on the
protonation of the methoxydiphenylphosphinerhodium-
(I) complex.

, Experimental Section

Microanalyses were carried out by Chemalytics Inc., Tempe,
Ariz., except for the fluorine analyses which were carried out by
A. Bernhardt, Miillheim-Ruhr, Germany. Nuclear magnetic
resonance spectra were obtained on a Varian T-60 spectrometer.
Infrared spectra were obtained on a Perkin-Elmer Model 700
spectroineter as Nujol mulls. Far-infrared spectra were ob-
tained on a Perkin-Elmer FIS spectrometer as vaseline mulls.
Melting points were obtained on a Fischer-Johns apparatus and
are uncorrected. Methoxydiphenylphosphine and #n-butoxy-
diphenylphosphine were purchased from Arapahoe Chemicals
Inc., and platinum metals as chloro salts, from Engelhard In-
dustties Inc. Condtctivity measurements were carried out as
solutions in nitrobenzene using an Industrial Instruments Model
RC 18B2 conductivity bridge. Chlorodicarbonylrhodium(I)
dimer?® and chlorobis(ethylene)rhodium(I) dimer* were prepared
by previously published methods.

Dihydridocarbonyltris(triphenylphosphine)iridium(III) Hy-
drogen Bis(trifluoroacétate).—To a solution of hydridocar-
bonyltris(triphienylphosphine)iridium(I) in CH)Cl; was added
excess CF;COOH. The yellow color of the solution discharged,
and the addition of hexane or ether to the concentrated solution
gave the complex as colorless crystals which were filtered, washed
with hexane, and dried in vacuo, mp 145°. Anal. Calcd for
CyHeFelrOsP;:  C,; 57.3; H, 3.92; F, 9.22; P, 7.52. Found:
C, 57.5; H, 3.99; F, 9.26; P, 7.49. p—g 2170, 2130 cm™};
vo=o 2025 cm™; weoo 1780, 1740 cm~l. The acid proton
resonance in nmr is at + —3.5.

(1} D. M. Roundhill, B. W. Renoce, P. B. Tripathy, J. T. Dumler, K.
Thomas, and C. J. Nyman, Abstracts, 161st National Meeting of the Ameri-
can Chemical Society, Los Angeles, Calif., March 1971, No. INOR 98,

(2) P.-C. Kong and D. M. Roundhill, Inorg. Chem., in press.

(8) J. A. McCleverty and G. Wilkinson, I'norg. Syx., 8, 211 (19686).

(4) R. Cramer, I'norg. Chem., 1, 722 (1962).



