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A New Charge Transfer Complex Involving pyridine. For the intermolecular studies the following series
ReHs(PPhg)3 of conventional CT acceptors were examineg):2|3-dichloro-
5,6-dicyanobenzoquinone (DDQ), tetracyanoethylene (TCNE),
Usama M. Rabie, Ben P. Patel, and andp-chloranil (CHL). Although we observed CT complexation
Robert H. Crabtree* in solution betweerl and all four of these acceptors, we found

that, for b, DDQ, and TCNE, CT complex formation was
Department of Chemistry, Yale University, followed by an irreversible chemical reaction involving loss of
225 Prospect Street, New Haven, Connecticut 06520-8107 the metal hydrides to give as yet uncharacterized matérials.
. However, in the case of CHL, a-acceptor of considerably
M. R. Mahmoud lower electron affinity, not only was a stable CT complex of
Department of Chemistry, Assiut University, Assiut, Egypt CHLH> observed in solution but it could also be isolated in the
solid state. The lack of chemical reaction betwg&emd CHLH
Receied Naember 14, 1996 allowed further characterization of the outer-sphere interaction
in this case.

Introduction Unexpected Stability of 1 in Mixed Solvents. Although 1

Growing interest in second-sphere coordination of transition IS Very soluble in pure CkCl,, the complex steadily decomposes
metal complexéshas prompted us to study their intermolecular N Solution over a period of hours. Howevérwas essentially
interactions both in solution and in the solid state. We have insoluble in nonpolar solvents like-hexanes. We now find
primarily focused on hydrogen bonding and the resulting thatwe can dissolvé in a mixed-solvent solution of Ci€l,—
solvatochromism observed in rhenium polyhydridesjt we n-hexanes (5:95 v/v) so that the solubility is entirely adequate
now show that a polyhydride complex can also act as an for our purposes yet the complex does not decompose at a
unconventional donor in an intermolecular charge transfer (CT) Significant rate. Figure 1 shows the great difference in stability
complex. We report here the spectroscopic solution character-0f 1 both in pure CHCI, and in mixed CHCl,—n-hexane (5:
ization of a CT complex formed from RetPPh)s (1) and 95 v/v) solvents as a function of time.
p-chloranil (CHL), where the Re complex acts as the electron  This rather surprising result is probably explained as follows.
donor and the hydroquinone form of CHL (tetrachlgro- The CHCIl, molecules may associate sufficiently withto
hydroquinone, CHLHK) as the acceptor. The hydroquinone is provide adequate solubility, yet the decomposition is inhibited
formed by reduction of CHL by some of the excess hydride. by the low polarity of the solvent mixturepresumably the first
We report the formation constants and thermodynamic param-step of the decomposition involves a charge transfer step and
eters for the interaction. Charge transfer interactions involving the initially formed ions require a polar solvent for stability. In
7 acceptors such as CHL are well-knowiut no work appears  practice,1 was first dissolved in CkCl, and then carefully
to have been done with metal hydride complexes as ddnors. diluted withn-hexanes to give a 5:95 solution. A stock of this

. . mixed-solvent solution was used during all the ©¥is experi-
Results and Discussion

ments.
We previously reported® that ReH(PPh)J(py) (py = UV —Vis Study of the CT Complex between 1 and CHLH.
pyridine, 2) shows a solvatochromic intramolecularn  * A 4:1 mixture ofl andp-chloranil in a 5:95 CHCIl,—n-hexanes

metal-to-ligand charge transfer (MLCT) band in the Y¥sible solution exhibits two new UVvis bands at 305 and 420 nm,
spectrum. In order to observe an intermolecular CT band, we not present in the spectrum of either starting material. In the
needed to avoid possible overlap by eliminating the intramo- UV —vis studies, the donor in the same concentration was used
lecular CT transition. This suggested study of a related in the reference beam to cancel any donor absorption. The 305
polyhydride complex lacking an intramolecular MLCT. We nm band increases in intensity with time, while the 420 nm
therefore selected RgPPIy)s (1) for this study, a phosphine  band decreases. We assign the intense band at 305 nm to an
being a much poorer intramolecular CT acceptor ligand than intermolecular CT transition resulting from donation from the
rhenium center to CHLKand assign the 420 nm band to a
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Figure 1. Effect of time on the elctronic absorption spectralofl] = 4.0 x 104 mol dni2 (a) in pure CHCI, and (b) in CHCl,—n-hexanes

(5:95 viv).

Table 1. Amax (nm), Ect (eV), Formation ConstantKgr), and Molar Extinction Coefficientegr) Values for the CT Molecular Complex df

with CHLH; in CH,Cl,—n-hexanes (5:95) Mixed Solvent

Ker (dm® mol™?)

Amax (NM) Ecr (eV) 10°C 15°C

20°C 25°C ect® (dmP mol~t cm™?)

305 4.05 2300+ 400

3 ect was calculated at 25C.
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Figure 2. Continuous-variation method for the CT complex between

1 and CHLH in CH,Cl,—n-hexanes (5:95 v/v). Total concentratien

2.0 x 1074 mol dnm3 ( Amax = 305 nm).

occurred. In addition, the main band at 305 nm, observed for
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Table 2. lonization Potential (IP) ofl and the Thermodynamic
Parameters for the CT Molecular Complex with CHLH

Amax IP —AH° —AS —AG®
(nm)  (eV) (kdmol?)  (Imolt) (kI mof?)

305 10.02  25.80.7 25+ 2 18+ 2

(bla)?
0.06

state of CT complexation is often assurhéal be responsible,
but in our case we looked at the IR spectra of the solid complex
and found that the usual CHL carbonyl band at 1680 twas
absent and that there was a new OH band at 3400.ciwe
believe that because we work with excess polyhydride, reduction
of the CHL to the CHLH hydroquinone form precedes
formation of the final CT adduct, accounting for the time
dependency for CT complexation, and that the resulting hyd-
roquinone is the true acceptor. IR and NMR data show that
complete conversion to the CHLHorm has taken place after
90 min. In the IR spectrum, complete loss of t{€0O) bands
occurs along with the appearance of@H) band, while in

the proton NMR, an OH resonance appears. This could explain
the slow formation of presumed CHL CT complexes seen
earlier, because many reductants can reduce CHL to GRt.H

Formation Constants and Thermodynamic Parameters for

the CT complex in solution, does not correspond to the reported cT Complexation. Tables 1 and 2 show the formation
wavelengths for the anion radical of CHL, so the latter is not constants and thermodynamic parameters calculated for CT

presenf
Effect of Time on CT Complexation. It was previously

shown that CT complexation can be slow, taking minutes to

hours to go to completioh. We find here that the formation of
the observed CT band at 305 nm foacceptor displays a time

dependency; equilibrium is only reached after 90 min. Conver-

sion from the solvent-separated to the contact deacceptor

(8) (a) lida, Y.Bull. Chem. Soc. Jpril97Q 43, 2772-2776. (b) Sakai,
N.; Shirotani, I.; Minomura, SBull. Chem. Soc. Jpri971, 44, 675~
679. (c) Yamaoka, T.; Nagakura, Bull. Chem. Soc. JprL971 44,
1780-1783

(9) (a) Bhat, S. N.; Rao, C. N. R. Am. Chem. Sod 966 88, 3216—
3219. (b) Mahmoud, M. R.; Hamed, M. M. A.; Salman, H. M. A.
Spectrochim. Acta988 44A 1185-1188. (c) Mahmoud, M. R.; Al-
Nady, A. M.; Mohamad, A. A.; Salman, H. MGazz. Chim. I1tal1989
119 157-161. (d) Srivastava, R. D.; Prasad, §pectrochim. Acta
1966 22, 1869-1875. (e) Kosower, E. MProg. Phys. Org. Chem.
1965 3, 81-163.

complexation in the temperature range-B5% °C. Formation
constants were calculated using the Ben¢sidebrand equa-
tion 10

Typical absorption spectra at 2% for the CT complex
formed betweerl and CHLH, recorded 90 min after mixing
for varying concentrations of CHL and scanned against the same
donor concentration as in the test solutions, are shown in Figure
3. The absence of CHL anion bands supports our belief that
we are dealing with a CT complex without ionization, and the
formation constants (cf. Table 1) indicate that the CT complex-
ation is strong. TheAH° and AS’ values calculated from a
van't Hoff plot are consistent with strong CT complexation.

(10) (a) [CHL}JAcT = (1/KcTeeT)(2/[1]) + llect under conditions when
[1] >> [CHL]. (b) Benesi, H. A.; Hildebrand, J. HI. Am. Chem.
Soc.1949 71, 2703-2707.
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Figure 3. Electronic absorption spectra of the CT complex betwken
and CHLH in CH.Cl,—n-hexanes (5:95 v/v) at 2%C. [1] = 4.0 x
10~* mol dnr3 (constant); 10[CHL] = (a) 1.6, (b) 1.4, (c) 1.2, (d)
1.0, (e) 0.8, (f) 0.6, (g) 0.4 mol dm.

We also find that using the proposed equatid(eq 1) allows

(b/a)?> = —AH°/hw (1)

us to estimate Mulliken’s ratiob{a) between the coefficients
of the dative bond to the nonbond wave functiod{a- and

Notes

Conclusion

Although donor-acceptor CT complexes are well recognized
with organic donors, we find here that metal hydride complexes
are also very effective; the thermodynamic data observed for
1-CHLH; indicate strong complexation. CHL reduction is
proposed to account for the slow rate of CT complex formation,
the resulting hydroquinone being the true acceptor, supported
by UV, IR, and NMR spectroscopy. Reduction of the acceptor
may need to be considered in other cdsgsslow (12 = h)

CT complex formation in the literature.

Experimental Section

General Procedures. ReH;(PPh)s was prepared according to
literature method%® Chloranil was purchased from Aldrich and used
without further purification. All solvents were of spectroscopic grade
(J. T. Baker). *H and®P NMR spectra were recorded on a GE-Omega
300 MHz spectrometer (121.8 MHz f8iP) and were referenced to an
internal residual solvent peakH) and external 85% phosphoric acid
(3P). UV-—vis spectra were recorded on a Cary 3E Varian spectro-
photometer with a temperature-controlled cell holder. IR spectra were
recorded on a Midac M1200 FT-IR spectrometer. Elemental analyses
were performed by Atlantic Microlabs, Norcross, GA.

Preparation of the Solid CT Complex between 1 angb-Chloranil.
Equimolar amounts (0.5 mmol) éfand thep-chloranil were dissolved
separately in a minimum volume of GEl,. A 10-fold volume of
n-hexane was added carefully to each solution, and the two solutions

Wp_p, respectively). The value found is comparable to those were combined and refluxed for 1 h, during which the solution changed

previously seeH for cases with strong CT complexation. The
ionization potential of the donof) was estimated as 10.02 eV
from the energy of the CT transition, using the empirical relation
of Aloisi and Pignataré? The value of the ionization potential
of 1 is similar to those of amines, which supports the strong
CT complexation betweeh and CHLH.

(11) (a) Mulliken, R. SJ. Am. Chem. Sod.952 74, 811-824. (b) Abu-
Eittah, R.; Hamed, M. MCan. J. Chem1979 57, 2337-2341. (c)
Tamres, M.; Brandon, MJ. Am. Chem. Sod.96Q 82, 2134-2138.

(12) Alaisi, G. G.; Pignataro, Sl. Chem. Soc., Faraday Trans.1B73
69, 534-539.

from yellow to brown and a brown precipitate formed, which was
filtered off and washed with copious amountsdfexanes. The brown
solid was recrystallized from Gigl,—n-hexane and dried in vacuo
(yield 20-40%). *H NMR (25 °C, CD,Cl): —5.32 ppm (g, 5H), 6.1
ppm (br s, 2H), 6.88.5 ppm (br m, 45H).3'P{*H} NMR (25 °C,
CD.Cl): 33.9 ppm. FT-IR (Nujol, cml): v»(OH) 3394, v(Re—H)
1913. Elemental analysis indicateslaCHLH; ratio of 2:3. Anal.
Calcd (found) for GsHs3sP;05ClsRe: C, 55.99 (55.25); H, 3.92 (3.96);
Cl, 15.78 (15.15).

1C961361B

(13) Chatt, J.; Coffey, R. SI. Chem. Soc. A964 1963.



