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[(Ar”0O),Ti(NPh){1,10-phenyl}],, respectively.*® The bonding
of the benzo[c]cinnoline ligand in 3 is also worthy of note. A
number of group 4 metal n’-azobenzene complexes are now
known.'™'2  However, the azobenzene molecule is typically
7%-N,N bound to a formally d2, M?** metal center. Structural
studies show the resulting molecules to be better described as
containing diazametallacyclopropane rings, with short M—N and
long N-N distances. In compound 3 the diazo unit is bound to
a d® metal center with no prospects for any back-bonding from
the metal into the =* orbital of the N=N unit. The N-N distance
of 1.284 (6) A found in 3 is very close to the distance of 1.253
{3) A found for uncoordinated azobenzene.’* This distance is
much shorter than the distances of 1.416 (8) and 1.42 (1) A found
for the two independent molecules in [(Ar'Q),Ti(PhNNPh)-
{(py).],'% 1.339 A in Cp,Ti(»>-PhNNPh)],'2 and 1.434 (4) A for
Cp,Zr(n*-PhNNPh)(py)."! The Ti-N{diazo) distances in 3, 2.175
(5) and 2.125 (5) A, are much longer than the values of 1.949
(6) and 1.963 (6) A in [(Ar'O),Ti(z*-PhNNPh)(py),].'® These
latter distances are comparable to those expected for titanium-—
amido bonding, while the long distances in 3 are closer to simple
dative bond distances.” Hence, the benzo[c]cinnoline molecule
in aryl-imido 3 represents a diazo ligand that is purely s-bound
to titanium with no evidence for metal to ligand r-back-bonding.

Experimental Section

Preparation of Ti(OAr"),(C,Et,~C;HN-NC,H,) (2). To a benzene
solution of Ti(OAr"),(C,Et), (1) (0.25 g, 0.36 mmol) was added 1 equiv
of benzo[c]cinnoline (0.07 g, 0.36 mmol). The mixture was stirred for
1 h at room temperature; then the solvent was removed under vacuum.
The resulting residue was redissolved in a minimum of fresh benzene and
layered with hexane to induce formation of light yellow ¢rystals of
product. The crystals were washed with hexane and dried under vacuum.
Anal. Caled for TiCgHN,O, (2): C,B1.61; H, 6.16; N, 3.17. Found:
C, 81.25 H, 6.56; N, 3.15. 'H NMR (C,Dy, 30 °C), 8: 6.50-7.87 (m,
aromatics); 5.42 (dd, ortho proton on CgH,N-NCH;): 2.71 (sextet),
1.73-2.10 (m, CH,CH,); 1.03 (1), 0.86 (1), 0.73 (1), 0.35 (t, CH,CH,).
Selected *C NMR data (C4Dq, 30 °C), 8 210.7 (Ti-C); 160.7, 159.7
(Ti-0-C); 28.0. 23.3, 22.9, 20.7 (CH,CH,); 15.4, 15.1, 14.8, 13.8 (C-
H,CH,).

Preparation of Ti(OAr"),(=NC;H,—CH,NC,Et,) (3). A benzene
solution of Ti{OAr),(C4Et,) (1) (0.25 g, 0.36 mmol) and 2 equiv of
benzo[c]cinnoline (0.14 g, 0.72 mmol) was heated at 100 °C for 2 h. The
solvent was then removed under vacuum, and the resulting residue was
redisselved in a minimum of fresh benzene, The benzene solution was
layered with hexane to induce formation of very dark yellow crystals of
products that were suitable for X-ray diffraction. The erystals were
washed with hexane and dried under vacuum. Anal. Caled for TiC,o-
He™N,O, (31 C, 81118 H, 6.06; N, 5.26. Found: C, 81.40; H, 6.36;

N, 4.82. 'H NMR (C¢Dy, 30 °C), 6: 5.08-7.80 (m, aromatics); 2.14
(q). 2.16 (m, CH,CH,); 1.13 (1), 0.77 (1, CH,CH,). Selected *C NMR
data (C4Dy, 30 °C), & 18.5, 18.2 (CH,CHy); 174, 16.3 (CH,CH;).
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The interest in water-soluble organometallic complexes has
increased dramatically since the development of the Rhone-
Poulenc/Ruhrchemie biphasic catalysis process.'? This procedure,
which utilizes a water-soluble rhodium catalyst containing the
TPPTS (trisodium tris{m-sulfonatophenyl)phosphine) ligand, is
capable of performing the hydroformylation process outlined in
eq 1. Other similar water-based organometallic catalysts have

(organic phase) ( |CH20HCH3 SO - H, | )

n-butanol {33%)
—
Ll 9]

iso-butanol (4%)

{aqueous phasel

L=PCH, m-SOaJa'\‘a 3

been employed for a variety of important chemical processes.’> On
spectroscopic evidence, it is generally felt with regard to the M-P
bond that electronically the sulfonated phosphine is quite similar
1o that of its non-sulfonated analogue PPh,. Nevertheless, the
two ligands should differ significantly in their steric influence.
In addition, when the metal center is multiply substituted with

(9) Hill, J. E.; Fanwick, P. E.; Rothwell, I. P. Unpublished results.

(1) Durfee, L. D.; Hill, J. E.; Fanwick, P. E.; Rothweli, 1. P. Organo-
metallics 1990, 9, 75.

(11) Walsh, P. J.; Hollander, F. J.; Bergman, R. G. J. 4m. Chem. Soc. 1990,
112, 814,

(12} Fochi, G.; Florianni, C.; Bart, J. C.; Giunchi, G. J. Chem. Soc., Dalton

Trans. 1983, 1515. ‘

(13} (a) Dickson, R. S;; Thers, J. A. J. Am. Chem. Soc. 1972, 94, 2988. (b)

Green, M.; Osborn, R. B. L.; Stone, F. G. A. J. Chem. Soc. A 1968,

3083. (c) Klein, H. F,; Nixon, J. F. J. Chem. Soc. A 1971, 42. (&)

Otsukra, S.; Nakamura, A_; Miramidra, H. J. Chem. Soc. 4 1969, 1148,

Chamberlain, L. R.; Durfee, L. D.; Fanwick, P. E,; Kobriger, L. M;

Latesky, 8. L.; McMullen, A. K.; Steffey, B. D.; Rothwell, 1. P.; Folting,

K.; Huffman, J. C. J. Am. Chem. Soc. 1987, 109, 6068.

(14)

(1) Kantz, E. G. Fr. Patent 2314910, 1975.

(2) Kuntz, E. G. CHEMTECH 1983, 17, 570.

(3) (a) Herrmann, W. A; Kulpe, J. A.; Kellner, J.; Riepl, H.; Bahrmann,
H.; Konkol, W. dngew. Chem., Ini. Ed. Engl. 1990, 29, 391. (b)
Herrmann, W. A.; Kulpe, J. A,; Bahrmann, H.; Konkol, W. J. Orga-
nontetf. Chem. 1990, 389, 85. (¢) Herrmann, W. A; Kulpe, 1. A}
Bahrmann, H.; Konkol, W. J. Organomet. Chem. 1990, 389, 103. (d)
Joo, F.; Benvei, A. J. Organomet. Chem. 1989, 363, C19. (e) Russell,
M. Platinum Met. Rev. 1988, 32, 179. (f) Joo, F; Toth, Z.; Beck, M.
T. fnorg. Chim. Acta 1986, 42, 153. {(g) Joo, F.; Toth, Z. J. Mol. Catal.
1980, 369. (h) Borowski, A.; Cole-Hamilton, D.; Wilkinson, G. Nouv.
J. Chem. 1977, 2, 137. (i) Joo, F.; Beck, M. T. Magy. Foly. 1973, 79,
189. (j) Okano, T.; Uchida, I.; Nakagaki, T.; Kenishi, H.; Kiji, J. J.
Mol. Catal. 1989, 54, 65.
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TPPTS ligands, the possibility exists for interligand interactions
that can greatly affect the reactivity of such complexes.*

We have begun comparative reactivity and structural studies
of complexes containing the TPPTS ligand and its PPh; count-
erpart. In this report the structural characterization of a complex
containing the TPPTS ligand is presented for the first time, al-
though the structure of a monosulfonated phosphine complex of
palladium has recently been elucidated.’

Experimental Section

Reagents. Methanol purchased from Fisher (spectrophotometric
grade) was dried by distillation over Mg and [, under a N, atmosphere.
Tetrahydrofuran was purchased from Fisher and purified over sodium
benzophenone ketyl under a nitrogen atmosphere. Water was triply
distilled, deionized, and degassed with N,. Tungsten hexacarbonyl, 2-
methoxyethanol, kryptofix-221 (4,7,13,16,21-pentaoxa-1,10-diazabicy-
clo[8.8.5]tricosane), TPPTS (trisodium tris(m-sulfonatophenyl)phos-
phine), and carbon monoxide were obtained from Strem Chemical Co.,
Aldrich Chemical Co., EM Science, Exxon Corporate Research, and
Airco Inc., respectively. All chemicals were used without further puri-
fication.

Instrumentation. IR spectra were collected on either an IBM 85 or
a Mattson 6020 spectrometer. Aqueous infrared spectra were taken by
employing a CIRCLE (cylindrical internal reflectance) cell, furnished
by Spectra Tech Inc. Other infrared spectra in methanol and 2-meth-
oxyethanol were taken with both the CIRCLE and standard 0.1-mm
CaF, solution cells. Kinetics measurements were taken by using a Re-
actor Cell, furnished by Spectra Tech Inc. NMR spectra were collected
with both Varian XL-200 (for '*C and 'H) and Varian XL-200E (*'P)
spectrometers. X-ray structure analysis was performed on a Nicolet
R3m/V diffractometer employing Nicolet SHELXTL-PLUS on a Microvax
II computer. All manipulations were performed by using a Vac Atmo-
spheres glovebox or a nitrogen/vacuum Schlenk line.

Preparation of Na;[W(CO0),P{C,H,-m-SO;};] (1). A solution of
W(CO), was prepared by dissolving 0.654 g (0.002 mol) in 75 mL of
MeOH. This solution was placed in a photolysis vessel and irradiated
with a 400-W UV lamp for 30 min to yield the very substitutionally labile
W(CO)sMeOH species, as identified by IR spectroscopy (#(CO) 2075
w, 1932 s, and 1887 m cm™). The methanol adduct was added by
cannula to a flask containing 1 equiv (1.06 g, 0.002 mol) of the solid
TPPTS ligand. The reaction was monitored by the disappearance of the
¥(CO) infrared bands associated with the methanol adduct, with con-
comitant appearance of »(CO) bands due to W(CO),TPPTS (1). 1 was
filtered through Celite and precipitated by the addition of isopropyl
alcohol to yield a very flocculent pale yellow solid. The solid was cen-
trifuged and the supernatant liquid decanted to yield a wet yellow paste.
Final drying of the compound was accomplished under vacuum at am-
bient temperature over a 24-h period.

Preparation of [Na-kryptofix-221],{W(CO);P|{C,H,-m-S0,|;] (2).
[Na-kryptofix-221];[W(CO)sP{C¢H,-m-SO,};] was synthesized by ini-
tially making a slurry of 1 in 25 mL of THF, followed by the slow
addition of 2-methoxyethanol (7 mL) until the solid was completely
dissolved and the solution appeared clear. A 3-equiv amount of kryp-
tofix-221 (0.59 g) dissolved in acetonitrile (5 mL) was added to the
solution, which was allowed to stir for 24 h. The resultant solution was
filtered and transferred to a very large Schlenk tube containing an open
test tube of diethyl ether. Slow diffusion of the solvents resulted in the
formation of bright yellow block-shaped crystals of 2 over a 3-week
period.

X-ray Crystal Structure Determination, A bright yellow block
(0.18mm X 0.20 mm X 0.22 mm) crystal was mounted on a glass fiber
with epoxy cement, at room temperature, and cooled to 193 K in a
nitrogen cold stream (Nicolet LT-2). Data collection was performed on
a Nicolet R3m/V X-ray diffractometer in the range of 4.0° < 20 <
55.0°. Lorentz and polarization corrections were applied to a total of
7621 reflections collected, of which 5598 were unique with I 2 4.0¢(/).
The structure was solved by using direct methods (SHELXS, SHELXTL-PLUS
program package of Sheldrick). All pertinent crystallographic infor-
mation is listed in Table 1.

Rate Measurements. The reaction involving the displacement of the
TPPTS ligand from the tungsten metal center was followed by IR
spectroscopy. Initially 0.150 g of 1 was dissolved in 15 mL of a mixture
of THF/H,0 (1:1 by volume) in a small flask. This solution was then
cannulated into a Reactor Cell, which was then pressurized with 400 psi
of CO. The temperature was then ramped to some temperature between

(4) Horvath, I. A.; Katsrup, R. V.; Oswald, A. A.; Mozeleski, E. J. Catal.
Letr. 1989, 2, 85.
(5) Casalnuovo, A. L.; Calabrese, J, C. J. Am. Chem. Soc. 1990, 112, 4324,
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Table I

formula C; H;0sN¢ONa,PS; W fw 1889.6

a 12.591 (4) A space group Pl (No. 1)
b 13.260 (4) A T 193K

c 13.318 (4) A AMMo Ka) 071073 A
a 102.45 (2)° Peale 1.485 g em™?
8 100.31 (2)° i 1.57 mm"!
v 95.79 (2)° Tonas 0.9623

v 2113.6 (11) A3 Toin 0.8513

zZ 1 R 0.086

no. of rflns colicd 7621 R, 0.099

no. of unique rflns 5598 S 6.14

Scheme I
TPPTS

hv
W(CO), ——————p W(CO), MeOH 0) . TPPTS
6 TG 5 Me W(CO) 4

1
MeOH

1 kiyptofix_221 > (Nokryptofix-221}, [W(COYP (GH-m-50;);
THF/2-mathoxyethanot 2

115 and 145 °C, and IR data were collected every 150 s.

Results and Discussion

The title compound was synthesized according to Scheme I
under a nitrogen atmosphere by employing Schlenk techniques.
W(CO), was photolyzed in MeOH to yield the W(CQO)sMeOH
species, which in turn was added to a flask containing the TPPTS
ligand to yield 1. The solution was filtered, and 1 was precipitated
by the addition of isopropyl alcohol to yield a yellow solid. Crystals
of 2 were obtained by first making a slurry of 1in THF, followed
by addition of 2-methoxyethanol until the solid was completely
dissolved. Kryptofix-221 was added to the solution, which was
then allowed to stir for 24 h. Slow diffusion of the diethyl ether
resulted in the formation of bright yellow block-shaped crystals
of 2 over a 3-week period. All attempts to grow crystals of 1
without the encapsulation of the Na* via kryptofix-221 were
unsuccessful.b

Both complexes 1 and 2 are extremely soluble in water and
2-methoxyethanol, slightly soluble in methanol, and almost com-
pletely insoluble in less polar solvents. Infrared spectra for com-
plexes 1 and 2 were determined in water, while the spectrum for
the W(CQ)<PPh; analogy was observed in THF. Little difference
is seen in the »(CO) region for all three complexes, as noted in
Table II. Included in Table II for comparison are the *C and
3P chemical shifts for the TPPTS and PPh, derivatives, which
also display a great deal of similarity.

The compound [Na-kryptofix-221],[W(CO)P{CsH-m-SO;}1]
has been characterized by single-crystal X-ray diffraction. Table
I lists all crystallographic data of interest. The structure of 2
consists of an array of the four discrete ionic units at normal van
der Waals distances (Figure 1). The three-dimensional structure
of one of the cations is shown in Figure 2, which illustrates that
the sodium ion is heptacoordinated, analogous to the original
structural report.” The closest Nat.~Q,S distance is 5.47 A;
hence, there is no sodium cation interaction with groups outside
of the kryptofix cage. The disposition of the ligands about the
tungsten atom in the anion is that of a regular octahedron, where
the average C,,—~W-C, angle is 89.6 (19)° (Figure 3). The
trisulfonated phosphine ligand is situated 2.554 (11) A from the
tungsten metal center, a distance seen for related W-P bonds.®12

(6) Attempts at crystallizing the unencapsulated Na salt of complex 1 by
supersaturation, mixed solvents, and solvent diffusion failed. lon-ex-
change reactions were performed to provide the Ca, Ba, Sr, K, Rb, and
Cs salts, which also did not lead to crystalline solids.

) Mathi:u,zF.; Metz, B.; Moras, D.; Weiss, R. J. Am. Chem. Soc. 1978,
100, 4412,

(8) M-P bond lengths (A) for comparable tungsten and molybdenum
pentacarbonyl phosphines taken from selected references: W-
(CO)sPMe;, 2.516;° W(CO)sPPh;H, 2.531;'9 Mo(CO),PPhy, 2.560;'!
Mo(CO)sP(p-tol), 2.562.12

(9) Cotton, F.; Darensbourg, D.; Kolthammer, B. Inorg. Chem. 1981, 20,
4440.
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Table II°
NMR
IR 13C HPb
»(CO), em”™ 3, ppm JC'P-PC),Hz &, ppm  J(®W-IP), Hz
1 2073 w 1946 s 1932 m sh 196.7 (cis) 6.7 269 247.7
199.6 (trans) 20.0
la 2075 w 1946 s 1938 m sh
2 2073 w 1943 5 1938 m sh
3 2069 w 1939 s 1930 m sh 198.0 (cis) 7.0 21.2 243.7
199.8 (trans) 220 (20.6)¢

4The complexes are listed with the following corresponding infrared and NMR solvents, respectively: W(CO),TPPTS (1), H,0, D,0; W(C-
O)sTPPTS (1a), MeOH; [Na-kryptofix-221];{W(CO)P[C¢H,-m-SO; 13} (2), H,0; W(CO)sPPh, (3), THF, CDCl,. 5The free ligands’ >'P chemical
shifts for TPPTS in water and PPh, in CDClI, are —5.48 and -5.21 ppm, respectively. ‘Grim, S. O.; Wheatland, D.A.; McFarlane, W. J. Am. Chem.
Soc. 1967, 89, 5573. Included in this paper are the P chemical shifts for a wide range of phosphine-substituted tungsten pentacarbonyl complexes.

Figure 1. Ball and stick representation of 2, showing the arrangement
of the cryptated Na cations with respect to the metal anions. The
cryptates for all but one of the Na-kryptofix-221 cations have been
omitted for clarity.

Figure 2. Ball and stick representation for one of the Na-kryptofix-221
cations.

Figure 3. Ball and stick representation for the [W(CO)sP{CsH -m-
SO,};]* anion, illustrating the steric bulk of the TPPTS ligand.

of 170° would be appropriate. Nevertheless, we have been suc-
cessful in synthesizing the cis-W(CO),(TPPTS), derivative and
hope to evaluate interligand interactions with this species.'®
Indeed, it may be interligand interactions by way of the Na* jons
that facilitate the exclusive isolation of the cis isomer in this
instance.'

Thus far, our investigations have revealed a great deal of sim-
ilarity in the relevant structural and spectroscopic parameters for
complexes 1 and 2 and their PPh, analogue, complex 3. Ex-
periments in progress are designed to compare the activation
parameters for W-P bond dissociation in 1 and 3. The dissociative
rate constant (k,) for TPPTS loss in W(CO)(TPPTS) with
concomitant formation of W(CO)g carried out in a 1:1 mixture
by volume of THF /water at 130 °C under 400 psi of CO pressure
has been determined to be 1.14 % 105,17 Hence, the calculated
free energy of activation for W-P bond dissociation in 1 is 31.6

(13) Steric influences of phosphine ligands in 2 and selected metal penta-
carbonyl phosphines were measured on the basis of angles calculated
from crystallographic data for M—P-X geometries, where X represents
the atom of the phosphine ligand giving the greatest angle.

) ; . L (14) Tolman, C. A, Chem. Rev. 1977, 77, 313.
Of importance is the relative steric influence of the trisulfonated (15) This derivative has been prepared from either cis-W(CO)(MeOH); or
phosphine ligand to that of PPhy. On the basis of a molecular :;-:C‘X‘gh(THF)z and has been partially characterized by infrared
i i py.

model from the structure data, it appears to be approximately 20% (16 For example, an analogous reaction of cis-W(CO),(THF), with P-

larger than PPh,,'? or in terms of Tolman’s cone angle,!4 a value (CgH,-m-CH,), yields a mixture of cis- and trans-W(CO) ‘ip(caH -
m-CH,),];, with the latter isomer being in greater yield (unpublished
observations of L. Bates in our laboratories).

(10) Darensbourg, D.; Atnip, E. Texas A&M University, unpublished results. (17) These reactions were carried out in a stainless steel in situ high-pressure

(11) Cotton, F.; Darensbourg, D.; llsley, G. Inorg. Chem. 1981, 20, 578.
(12) Alyea, E.; Ferguson, G.; Somogyvari, A. Organometallics 1983, 2, 668.

CIR reactor cell on an IBM 85 FTIR spectrometer. A high pressure
of CO is required to avoid complication from the back-reaction.
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kcal/mol, a value in good agreement with those found for com-
parable processes involving the triphenylphosphine ligand.'®
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The photochemistry of d®—d?® binuclear complexes (M,: M =
Pt, Rh, Ir) has been an extremely active area of research.! These
complexes possess do*po triplet states (M,*) that are sufficiently
long-lived to undergo bimolecular reactions, such as electron and
atom transfer.!”> 1In particular, excited-state atom transfer of
these complexes can be an important step in catalytic photo-
reactions.! For example, the tetrakis(pyrophosphito)diplatinate(II)
complex, Pt,(P,OsH,)*, catalyzes the photochemical conversion
of isopropyl alcohol into hydrogen and acetone.*

Although the kinetic behavior of the excited states of these
binuclear complexes toward atom and electron transfer has been
examined, ' little is known about the thermochemistry of such
processes. Herein, we report on the reaction enthalpies of hydrogen
and halogen transfer to the excited and ground states of Pt,-
(P,0sH,)* (Pt,). These enthalpies are useful in understanding
the atom-transfer reactivity of the excited state of Pt, and com-
paring it to other reactive transition-metal complexes and radicals.

Experimental Section

Materials. (n-Bu,N),[Pt,(P,OsH,),] was prepared from the potas-
sium salt as described previously.’ Methanol, CCl,, and benzene were
obtained from J. T. Baker Inc. and used as received. Iodobenzene, benzyl
alcohol, isopropyl bromide, and tert-butyl bromide were obtained from
Aldrich and distilled before use. 2-Hydroxybenzophenone (Aldrich) was
recrystallized.

Photoacoustic Calorimetry. The PAC experiment has been previously
described.® Photoexcitation was conducted at 365 nm (78.4 kcal/mol)

(1) (a) Zipp, A. P. Coord. Chem. Rev. 1988, 84, 47 and references therein.
(b) Roundhill, D. M,; Gray, H. B.; Che, C.-M. Acc. Chem. Res. 1989,
22, 55. (c) Rice, S. F.; Milder, S. J.; Gray, H. B.; Goldbeck, R. A.;
Kliger, D. S, Coord. Chem. Rev. 1982, 43, 349 and references therein,
(d) Marshall, J. L.; Stiegman, A. E.; Gray, H. B. [n Excited States and
Reactive Intermediates; Lever, A. B. P., Ed.; ACS Symposium Series
307; American Chemical Society: Washington, DC, 1986; pp 166—~176.

(2) (a) Che, C.-M.; Butler, L. G.; Gray, H. B. J. Am. Chem. Soc. 1981,
103, 7796. (b) Che, C.-M,; Lee, W.-M.,; Cho, K.-C.; Harvey, P. D.;
Gray, H. B. J. Phys. Chem. 1989, 93, 3095. (c) Vicek, A.; Gray, H
B. Inorg. Chem. 1987, 26, 1997. (d) Che, C.-M.; Chan, W.-S.; Gray,
H. B. Inorg. Chem. 1986, 25, 4906.

(3) (a) Roundhill, D. M.; Atherton, S. J.; Shen, S.-P. J. Am. Chem. Soc.
1987, 109, 6076. (b) Peterson, J. R.; Kalyanasundaram, K. J. Phys.
Chem. 1988, 89, 2486.

(4) Roundhill, D. M. J. Am. Chem. Soc. 1988, 107, 4354.

) (a) Alexander, K. A.; Bryan, S. A.; Dickson, M. K,; Heddon, D.;

Roundhill, D. M. Inorg. Synth. 1986, 24, 211. (b) Steigman, A. E,;

Rice, 8. F.; Gray, H. B.; Miskowski, V. M. Inorg. Chem. 1987, 26, 1112.

Table I. Experimental PAC Heats of Reaction and Calculated Bond
Dissociation Energies of Pt,X*~

k AH, +

RX MIS1d AH,  AH, DyRX)* Dy(Pt;X)
CH,CH,OH 25X 10° 329 (477 -23.6 81.2(1.5) 483 (4.9)
(1.5 M)
(C.H,),SnH 12X 107 28.2(1.8) -28.3 74.0 (20) 458 (2.7)
(0.2 M)#
CCL (0.05M) 20X 10° 23.5(1.6) -33.0 73.1(1.8) 49.6 (2.4)
(CH,),CBr >10° 369 (13) -19.6 67.3(1.7) 31.3 (2.1)
(0.05 M)
(CH,).CHBr 17X 10% 353 (39) -212 68.4(1.2) 33.1 (4.1)
(106 M)

CHil (0.063 M) 1.6 X 10° 31.4 (3.5) -25.1 65.4 (2.0) 34.0 (4.0)

2In CH;OH with added substrate RX, at 298 °C. ®Values are the av-
erage of at least five measurements. “AH and D, values in kcal/mol.
4Values from refs 2 and 3. “Values from ref 11. /Errors in parentheses are
%10, 2In 1:1 CH;OH/benzene. * Value for CHyCH,CH(CH;)Br. /See ref
12.

by a nitrogen-pumped dye laser on argon-degassed samples at room
temperature. The acoustic waves were detected by a PZT transducer
(~0.5 MHz). The signal was amplified (Panametrics preamp, Model
5676), digitized (LeCroy 9400), and transferred to a laboratory computer
for data analysis. The wave forms were the average of 6080 laser pulses
(<20 uJ). The transducer response function was obtained from pho-
toexcitation of 2-hydroxybenzophenone. The optical densities of the
calibration and sample compounds were ~0.8 and were adjusted to be
within 1% of each other. Sample absorbances did not change signifi-
cantly during the experiment. The time resolution of the transducer is
approximately 10 ns—5 us. Heat depositions that occur faster than 10
ns will not be differentiated, whereas those slower than 5 us will not be
detected.

Under reaction conditions where only one heat deposition was ob-
served, AH = (1 ~ a)E,,, where E,, is the incident laser energy and a
is the fraction of the incident photon energy released as heat. In the
described experiments, AH = AH, in the absence of substrate RX and
AH = AH, + AH, in the presence of substrate RX. Under reaction
conditions where two heat depositions were observed, AH, = (1 ~ a,)E,,
and AHy = -ayE,,, where a, and ay are the fractions of the incident
photon energy released as heat in the depositions. The experimental
enthalpic, a, and ay, and kinetic, 7, < 10 ns and 7y, values were deter-
mined by deconvolution of the first 400 points of the acoustic wave
forms.% In the experiments where 10 us 2 1/(k[RX]) Z 10 ns, AH, =
AHI and AHb = AHZ‘

Results and Discussion

Photoexcitation (365 nm) of Pty(P,OsH,)* (Pt,) produces the
triplet (3A,,) excited state Pty(P,OsH,),4* (Pt,*) with unit ef-
ficiency.®? This highly reactive, long-lived (~ 10 us) state un-
dergoes hydrogen and halogen atom transfer reactions with
substrates, RX, to yield the radicals Pty(P,04H,),X* (Pt,X) and
R°*, shown as follows:

A», <10 ns RX
Pt,(P,OH,) 4
t,(P,0sH,), an, Pt,(P,OsH,), v

Pt,(P,0sH,),X* + R*
X =H, Cl, Br, I

The triplet state Pt,* and the radicals Pt,X have been identified
and characterized by transient absorption, resonance Raman, and
infrared spectroscopies.>® In addition, the bimolecular rate
constants, kg, for the hydrogen and halogen atom transfer reactions
with various substrates RX have also been measured. The radicals
Pt,X are also long-lived (210 us) under the flash photolysis
conditions and either disproportionate, atom-abstract from RX,
or couple with R".

The heats of these atom-transfer reaction reactions are de-
termined by time-resolved photoacoustic calorimetry (PAC). PAC
measures the volume changes of the system that result primarily
from the thermal expansion of the solvent following photoexci-

(6) (a) Herman, M. S.; Goodman, J. L. J. Am. Chem. Soc. 1989, 111, 9105.
(b) LaVilla, J. A.; Goodman, J. L. J. Am. Chem. Soc. 1989, 111, 712.
(c) Rudzki, J. E.; Goodman, J. L.; Peters, K. S. J. Am. Chem. Soc.
1988, 107, 7849. (d) Westrick, J. A.; Goodman, J. L.; Peters, K. S.
Biochemistry 1987, 26, 8313.
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