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Abstract: (Octaethylporphyrin)rhodium(Il) dimer, (RhOEP),, reacts with toluene and related methyl-substituted aromatics
at the methyl C-H bonds to form organometallic benzyl derivatives. Longer chain alkyl substituents react initially at the
benzylic C-H bond but subsequently rearrange to place the RhOEP unit at a less hindered alkyl carbon position. Isopropylbenzene
reacts with (RhOEP), to form RhOEP(CH,CH(CH;)C¢Hj) as the only observed organometallic compound. Thermal
decompositions of the alkylaromatic complexes of RhOEP result in equal amounts of alkane and alkene in the absence of O,

and aldehydes and ketones in the presence of O,.

Carbon~-hydrogen bond reactivity by alkylaromatics with
metallo species can potentially occur at the arene and alkyl C-H
fragments.!> Numerous examples exist where arene C—H bond
reactivity is manifested by formation of metalloaryl species and
arene H-D exchange.*!! Reactions at the alkyl side chain are
unusual, but several examples have been reported.>”14 The species
resulting from photoactivation of (53-CsMes)(PPh,)IrH,!? and
(7°-CsMe;)(PMe;)RhH,!? are known to react with alkylaromatics
to produce metalloaryl compounds as the main product, but small
quantities of benzyl derivatives (5°-C;Mes)(PPh;)Ir(H)(CH,-
(C¢H,)CHj;) and (°-CsMes) (PMe;)Rh(H)(CH,CH;) are ob-
served. Photolysis of (n°-CsHs),WH, in toluene produces the
metalloaryl hydride, (7°-CsH;s),W(H)(C¢H,CH,), but the cor-
responding reactions in p-xylene and mesitylene occur at the alkyl
C-H bond to produce (7°-CsHs),W(R), (R = CH,C,H,CH,,
CH,C¢H;(CH3),). 1

We wish to report that (octaethylporphyrin)rhodium(II) dimer,
(RhOEP),, thermally reacts with alkylaromatic molecules ex-
clusively at the alkyl C-H unit to produce organometallic products,
RhMOEP(R) (R = alkylaromatic) and Rh''QEP(H).

Experimental Section

(a) General Comments: Proton NMR spectra were obtained on
Bruker WH-250 and IBMWP200SY Fourier transform spectrometers.
Spectra were internally referenced to the residual proton resonance in
CgDg or CD3;C¢Ds. Low-resolution mass spectra were obtained on a VG
Analytical 7070 mass spectrometer interfaced to a Kratos DS50S data
system. GC analyses were performed on a Perkin Elmer 154-D vapor
fractometer with columns purchased from Alltech Associates.

All reagents were commercially obtained and purified by standard
procedures. All manipulations, unless otherwise specified, were carried
out with standard vacuum and Schlenk techniques or in a Vacuum At-
mospheres Co. inert atmosphere box.!’
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(Octaethylporphyrin)rhodium (1T} dimer, (RhOEP), (I), (octaethyl-
porphyrin)rhodium(III) hydride, RhOEP(H) (II), and (octacthyl-
porphyrin)rhodium(I1I) deuteride, RhNOEP(D), were prepared according
to the methods reported by Ogoshi.!®

(b) Reactions of (RhOEP), with Alkylaromatics. Thermal reactions
were carried out on solutions of (RhOEP), (2 mg) in neat reaction solvent
or in solutions of (RhOEP), and C¢Dg with approximately 1%, by vol-
ume, reaction reagent. The solutions were sealed under vacuum in amber
NMR tubes and heated by immersion in a silicon oil bath encased in a
black box to exclude light. NMR spectra for the reaction products from
neat solutions were obtained in tubes that were sealed after removal of
excess solvent and replacement with C¢Dg. Yields are based on total
(RhOEP).

(¢) RhOEP Anion Reactions, (Octaethylporphyrin)rhodium(I) anion,
RhOEP- (I11),'7 was generated by adding approximately 2 mL of alco-
holic-hydroxide solution (0.5 N OH"/MeOH) to 10 mg of RhOEP(H)
in 20 mL of benzene under argon. The solution was stirred until the
pink-red color changed to a deep brown (15 min), indicating the presence
of RhOEP~. A slight excess of alkyl halide was added, the mixture was
stirred for 10 min, and the solvent was removed under vacuum. The
crude product was loaded on a column of silica gel (ICN 100~200 mesh)
and eluted with benzene. The first orange fraction which consists of the
RhOEP(R) complex was collected and dried in vacuum.

(d) Reactions of RhROEP(R). Thermal reactions were carried out on
solutions of RhOEP(R) (2-4 mg) in C¢Dg¢ (99.5%) distilled from ben-
zophenone—sodium. For reactions performed under anaerobic conditions,
the solutions were sealed under high vacuum in amber NMR tubes and
heated by immersion in a silicon oil bath encased in a black box to
exclude light. For reactions performed under aerobic conditions the
solutions were sealed in amber NMR tubes with 200 torr of air and
heated as previously stated.

(e) Photochemical Reactions. Photochemical reactions were per-
formed in an adaptable Rayonet photoreactor.'* Samples were sealed
in 507-PP NMR tubes purchased from Wilmad Glass Co. Typical
samples were composed of approximately 2 mg of (RhOEP), and ap-
proximately 0.3 mL of reaction reagent.

(f) Reactions of RhROEP(H) and RhOEP(D) with Olefins. Reactions
were carried out on solutions of RhOEP(H) (2-3 mg) in C¢Dyg (99.5%)
(0.3 mL) distilled from benzophenone—sodium. The solutions were sealed
in amber NMR tubes with a slight excess of olefin and approximately
200 torr of H, gas.

OEPRh(CH,C¢H;) (IV). With use of procedure b, reaction of I with
toluene for 24 h at 125 °C produced IV in approximately 50% yield. IV
was also prepared in 70% yield by procedure c, the reaction of III with
benzyl chloride. 'H NMR (8): porphyrin -CH=, s, 4 H, 10.11; -CH,-,
q, 16 H, 3.96; -CH,, t, 24 H, 1.91; axial ligand -CH,-, d, 2 H, —-4.02,
Jrhcu = 3.9 Hz, orthod, 2 H, 2.82, meta t, 2 H, 5.68, parat, | H6.16.
Mass measurement calculated for IV, RhN,C,3H;,, 726.80, found 726
(major fragments at m/e 636, 318, 91).
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1982, 1, 983.
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1975, 97, 6461.

(18) Wavelengths of 357 nm, >445 nm, and >500 nm were used in various
photoreactions.
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Figure 1. log [(RhOEP),] vs. time (h) for a 9.96 X 107* M solution of
(RhOEP), in C,D; at 125 °C.
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OEPRh(p-CH,C,H,CH;) (V). With use of procedure b, reaction of
I with p-xylene for 24 h at 125 °C produced V in approximately 50%
yield. '"H NMR (8); porphyrin-CH=, s, 4 H, 10.10; -CH,-, q, 16 H,
3.95; -CHj, t, 24 H, 1.91; axial ligand -CH,-, d, 2 H, -4.01; Jpycy =
3.9 Hz, ortho d, 2 H, 2.77, meta d, 2 H, 5.49, p-CH,;, 5, 3 H, 1.47.

OEPRh(m-CH,C,H,CH;) (VI). With use of procedure b, reaction
of I with m-xylene for 24 h at 125 °C produced VI in approximately 50%
yield. 'H NMR (8): porphyrin—-CH=,s, 4 H, 10.13; -CH,-, q, 16 H,
3.96; -CHj, t, 24 H, 1.92; axial ligand -CH;-, d, 2 H, -4.00; Jpycn =
3.9 Hz, ortho d, 1 H, 2.709, s, 1 H, 2.60, meta t, 1 H, 5.628, para d, |
H, 6.05, m-CH; (not found).

OEPRh(CH(C(H;)CHj;) (VII). With use of procedure b, reaction of
I with ethylbenzene for 24 h at 109 °C produced VII in 45% yield. VII
was alternatively prepared in 80% yield by procedure c, the reaction of
IIT with 1-bromo-1-phenylethane. 'H NMR (8): porphyrin -CH=, s,
4 H, 10.07; -CH,-, q, 16 H, 3.95; -CHj, t, 24 H, 1.90; axial ligand
-CH,, dd, 3 H, -4.30; Jpy e, = 1.5 Hz, Joyc, = 6.6 Hz,-H, m, 1 H,
-3.60; Jry-cy = 4.0 Hz, ortho br s, 2 H, 2.94, meta t, 2 H, 5.85, para
t, 1 H, 6.32. Mass measurement calculated for VII, RhN,C4Hs;,
740.83, found 740 (major fragments at m/e 636, 318, 104).

OEPRh(CH,CH,C¢H;) (VIII). With use of procedure b, reaction of
I with ethylbenzene for 3 h at 160 °C produced VIII in 20% yield. VIII
was independently prepared in 45% yield by procedure ¢, the reaction of
I11 with 2-bromo-1-phenylethane. 'H NMR (8): porphyrin -CH=, s,
4 H, 10.23; -CH,-, m, 16 H, 3.96; -CHj, t, 24 H, 1.92; axial ligand
~CiHam, 1d, 2 H, -5.03; Jpy ey = 2.9 Hz, Jop, cn, = 8.1 Hz, ~-CigHom,
t 2 H, -3.43, ortho d, 2 H, 4.51, meta t, 2 H, 5.88, para t, 1 H, 6.11.
Mass measurement calculated for VIII, RhN,C,4H;;, 740.83, found 740
(major fragments at m/e 635, 317, 104).

OEPRh(CH(C¢H;)CH,CH,) (IX). With use of procedure b, reaction
of I with n-propylbenzene for 24 h at 109 °C yielded IX in 36% yield.

Hy
Rh Ph
Hy CH3
Ha
IX

IX was also prepared in 70% yield by procedure ¢, the reaction of III with
1-bromo-1-phenylpropane. 'H NMR (8): porphyrin -CH=, s, 4 H,
10.04; -CH,-, q, 16 H, 3.93; -CH,;, t, 24 H, 1.90; axial ligand -H,, m,
1 H,=3.63; Jyupe = 11.7 Hz, Jpe, = 12.7 Hz, Jeucn, = 7.2 Hz, -Hy, m,
1 H, -4.72; J,, = 3.1 Hz, =Hj, dt, =3.77; Jpacu = 3.4 Hz, -CH,, t, 3
H, 1.85, ortho dd, 2 H, 3.01, meta t, 2 H, 5.83, parat, 1 H 6.30. Mass
measurement calculated for IX, RhN,CysHss, 754.83, found 754 (major
fragments at m/e 636, 318, 119).

OEPRh(CH(CH,;)CH,C4H;) (X). With use of procedure b, reaction
of I with n-propylbenzene for 24 h at 145 °C produced X in 5% yield.

Rh
Hb Ho
H CH3
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X

X was independently prepared in 95% yield by procedure f, the addition
of IT to B-methylstyrene. X was also prepared in 40% yield by reaction
of III with 2-bromo- 1-phenylpropane according to the method reported

Del Rossi and Wayland
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Figure 2. Variable-temperature 200-MHZ 'H NMR spectra for the
ortho protons in compound VII, RWOEP(CH(C¢H;)CH,;), in C;Dj sol-
vent: (A) at 333 K, (B) at 295 K, and (C) at 233 K.
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Figure 3. Calculated (A) and experimental (B) 250-MHz 'H NMR
spectra for compound IX, RhHOEP(CH(C¢H;s)CH,CH3), in CgDg.

by Ogoshi.!” 'H NMR (é): porphyrin -CH=, 5, 4 H, 10.23; -CH -,
m, 16 H, 3.97; -CH,, t, 24 H, 1.88; axial ligand -H,, dd, 1 H, -2.91;
Jgem = 11 Hz, Jypn = 13 Hz, -H,, d, 1 H, -4.07, =CHj, br s, 3 H, -4.61;
-H overlapped, ortho d, 2 H, 4.66, meta t, 2 H, 6.05, parat, 1 H, 6.16.
OEPRh(CHZCHZCHZCGHS) (XI). With use of procedure b, reaction
of I with n-propylbenzene for 24 h at 145 °C produced XI in 3% yield.
XI was independently prepared in 60% yield by procedure c, the reaction
of I1I with 3-bromo-1-phenylpropane. 'H NMR (8): porphyrin —-CH=,
s,4 H, 10.18; -CH,—, m, 16 H, 3.95; -CHj, t, 24 H, 1.90; axial ligand
~CyoyHym td, 2 H, =5.17; Jpyc, = 3.3 Hz, Jo, c, = 7.7 Hz, -C g Hym,
p, 2 H,-4.37; -C,,)H;~ t, 2 H, -0.85, ortho d, 2 H, 5.26, meta, para m,
3 H, 6.53. Mass measurement calculated for XI, RWN,C,sHss, 754.83,
found 754 (major fragments at m/e 636, 318, 117, 91, 28).
OEPRh(CH,CH(C¢H;)CH;) (XII). With use of procedure b, reaction
of I with isopropylbenzene for 24 h at 109 °C produced XII in 40% yield.
XI1 was independently prepared in 90% yield by procedure f, the addition

Rh
H CH3
Hb Ho
Ph
XII
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of II to a-methylstyrene. '"H NMR (8): porphyrin -CH=,s,4 H, 10.13;
-CH,-, q, 16 H, 3.96; -CHj,, t, 24 H, 1.91; axial ligand -H, , m, 2 H,
-4.97; -H, m, 1 H, -4.06; -CHj;, d, 3 H, -2.14, ortho d, 2 H, 4.40, meta
t, 2 H, 6.28, para t, 1 H, 6.46.

Results
Reactions of (RhOEP), and Alkylaromatics. Toluene, m-
Xylene, p-Xylene. Arylmethyl species thermally react with
(RhOEP), (125 °C; 24 h) to produce (octaethylporphyrin)rho-
dium(III) benzyl compounds and RhOEP(H) (reaction 1).12
(RhOEP), + (H;C)C4H,(R) — RhOEP(CH,C;H,R) +
RhOEP(H)
(IV,R = H; V,R = p-CH;; VI, R = m-CH;) )

RhOEP(H) slowly eliminates hydrogen according to reaction 2,
to give the overall process depicted in reaction 3. Trace amounts
of rhodium metal remaining from (RhOEP), synthesis were found

RhOEP(H) = !/,(RhOEP), + !/,H, 2)

(RhOEP), + 2(H,C)C4H,(R) —
2RhOEP(CH,C4H,R) + H, (3)

to catalyze reaction 2. Reaction 1 produces approximately equal
amounts of RhLOEP(CH,C¢H,R) and RhOEP(H) when no rho-
dium metal is present. Mass spectral and GC analyses of the
solvent taken from reaction 1 (R = H) indicated no detectable
bibenzyl was produced. Photolytic generation of IV from (Rh-
OEP), and toluene was unsuccessful.

Kinetic measurements for reaction 1 (R = H) were performed
at 125 °C on 9.96 X 10™* M solutions of (RhOEP), in neat
toluene—d;. The change in the molar concentration of (RhOEP),
as a function of time was determined by integration of the por-
phyrin methine hydrogens and followed until 95% complete (4
half-lives). The rate of disappearance of (RhOEP), best conforms
to first-order dependence on [(RhOEP),], -d[(RhOEP),]/df =
k[(RhOEP),], with a rate constant of 4.606 X 1072 £ 2.148 X
103 MH™! (Figure 1).

Ethylbenzene. Reaction of (RhOEP), with ethylbenzene for
1 hat 109 °C produced RhOEP(CH(C4H,)CH3) (VII) in 12.5%
yield and 12.5% RhOEP(H) (reaction 4). A longer reaction

(RhOEP), + CH,CH,C¢H; —
RhOEP(CH(CH)CH,) + RhOEP(H) (4)

period (24 h) produced VII in 45% yield, 4% of the terminal
product, RKNOEP(CH,CH,C¢H;) (VIII) and 45% of RhOEP(H).
The yield of VIII is increased by reaction at higher temperature,
for example, VIII is produced in 20% yield after 3 h at 160 °C.

Variable-temperature 'H NMR spectra for the ortho hydrogens
of compound VII are shown in Figure 2. The broad resonance
associated with the ortho hydrogens (6 2.94) at 295 K resolves
into two doublets at 235 K (6 2.85 and 3.02), which is indicative
of hindered rotation of the phenyl group in the («-phenyl)ethyl
ligand.

n-Propylbenzene. Thermal reaction between (RhOEP), and
n-propylbenzene at 109 °C for 1 h produced RhOEP(CH-
(C4¢Hs)CH,CH3) (IX) in 4% yield and 4% of RhOEP(H) (re-
action 5). A longer reaction period (24 h) produced IX in 36%

(RhOEP)2 + CH;CH2CH2C6H5 -
RhOEP(CH(C¢H)CH,CH,) + RhOEP(H) (5)

yield, with 4% of RhOEP(CH(CH,)CH,C.H;) (X), 1% of
RhOEP(CH,CH,CH,CsH;) (XI), and 34% of RhOEP(H).
Compound IX contains diastereotropic hydrogen atoms H; and

Hl
Rh Ph
Hy CH3
Ha
IX

Hj, which produce a characteristic splitting pattern in the 'H
NMR (Figure 3). The geminal (Jge, = 12.7 Hz), trans (J,p0

C2§19) Wayland, B. B.; Del Rossi, K. J, J. Organomet. Chem. 1984, 276,
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= 11.7 Hz), and cis (J; = 3.0 Hz) coupling constants were
obtained by spectral simulation and are in agreement with values
reported for similar systems.?%2!

Isopropylbenzene and tert-Butylbenzene. The thermal reaction
of (RhOEP), and isopropylbenzene at 109 °C for 24 h produced
RhOEP(CH,CH(C¢H;)CH;) (XII) in 40% yield (reaction 6).
RhOEP(H) was not observed in reaction 6. After 30 days at room
temperature, 40% of the organometallic product, XII, had con-
verted to (RhOEP), and a-methylstyrene (reaction 7). The overall
process, depicted in reaction 8, is the dehydrogenation of iso-
propylbenzene by (RhOEP),. When isopropylbenzene-d,, (C-
H,),CDC¢H;, was reacted with (RhOEP), under identical con-
ditions, deuterium was not observed in the organometallic product.

(RhOEP), + 2C¢H,CH(CH,), —~
2RhOEP(CH,CH(C(H)CH,) + H, (6)

2RhOEP(CH,CH(C¢H,)CH,) =
(RhOEP), + 2C4HsC(CH,)=CH, + H, (7)

(RhOEP),

C¢H;CH(CH,;),

tert-Butylbenzene yielded no detectable organometallic products
when reacted at 125 °C for 24 h with (RhOEP),.

Thermolysis of RWOEP(R). Anaerobic Conditions. The thermal
reactions of compounds IX and XI were performed in scrupulously
dried and degassed C4,D¢ and were monitored by 'H NMR
spectroscopy and gas chromatography. Product ratios were de-
termined by integration of NMR spectra and mass measurement
of GC peaks.

Thermolysis of compound IX, RhOEP(CH(C¢H;)CH,CH,),
was complete, according to reaction 9, after 120 h at 100 °C. Final
analysis indicated that equal amounts of n-propylbenzene and
B-methylstyrene were produced by reaction 9.

2RhOEP(CH(C4H;)CH,CH;) —
(RhOEP), + CH;CH,CH,C¢Hs + CH,CH=CHC(H; (9)
Thermolysis of compound XI, RhHOEP(CH,CH,CH,C¢Hj),

yielded a 1:1 mixture of n-propylbenzene and 8-methylstyrene
(reaction 10). Allylbenzene was not detected in the GC analysis.

2RhOEP(CH,CH,CH,C¢Hy) ——c

C¢H,C(CH;)=CH, + H, (8)

24 h
(RhOEP), + CH,CH,CH,C4H; + CH;CH=CHCH; (10)

Thermolysis of RhROEP(R). Aerobic Conditions. Thermal
reactions of compounds IV, VII, and IX in the presence of air
were followed by "TH NMR spectroscopy. Yields were based upon
integration of selected 'H resonances.

Compound IV, RhOEP(CH,C¢H;), when heated at 130 °C
for 20 h in the presence of air (200 torr) is 40% converted to
benzaldehyde (reaction 11).

RhOEP(CH,C4H;) —— C4H,C(O)H (11)

Thermal reaction of compound VII, RROEP(CH(CH:)CH,),
at 110 °C for 24 h in the presence of air (200 torr) results in
quantitative conversion to acetophenone (reaction 12).

RhOEP(CH(C¢H;)CH,) ~— C(H;C(O)CH,  (12)

Thermolysis of compound IX, RhOEP(CH(C4Hs)CH,CHj;),
at 110 °C for 20 h in the presence of air (200 torr) yields 75%
of propiophenone, 5% of benzaldehyde, and 5% each of 3-me-
thylstyrene and n-propylbenzene (reaction 13).

RhOEP(CH(C¢H;)CH,CH,) —= C;H;C(O)CH,CH, +
CH,C(O)H + CH,CH=CHCH; + CH,CH,CH,CH;
(13)

Discussion

C-H Bond Activation by (RhOEP),. (RhOEP), reacts with
alkylaromatics to produce benzylic derivatives as the initial

(20) Ogoshi, H.; Setsune, J.; Yoshida, Z. J. Organomet. Chem. 1978, 159,
317

(21) Jackson, L. M,; Sternhell, S. “Applications of NMR Spectroscopy in
Organic Chemistry”; Pergamon: New York, 1969,
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products (reaction 14). Hindered rotation of the phenyl group
and adoption of conformations that minimize steric effects are

(RhOEP), + C(H,CH,R —
RhOEP(CH(C4H;s)R) + RhOEP(H) (R = H, alkyl) (14)

both indicative of the crowding that occurs when OEPRh bonds
at the benzylic carbon site (Figures 2 and 3). Continued ther-
molysis produces isomerizations that result in transferring the
Rh-C bond from the benzylic carbon to a less sterically hindered
alkyl carbon. For example, thermal reaction between (RhOEP),
and ethylbenzene at 109 °C for 1 h produces compound VII,
RhOEP(CH(C¢H;)CHy), as the only organometallic, but a longer
reaction period (24 h) yields VII and the terminal organometallic,
RhOEP(CH,CH,C4H;s) (VIII). The thermal isomerizations
observed for the (octaethylporphyrin)rhodium(III) alkyls studied
resemble the behavior found in the hydrozirconation of alkenes.??

When the benzylic carbon has two alkyl groups, as in iso-
propylbenzene, the only observed organometallic product has
OEPRh bonded to a terminal alkyl carbon (reaction 6). Labeling
studies support a mechanism involving initial attack at the benzylic
carbon and fast rearrangement to the terminal site (reaction 15).
The importance of having an activated benzylic hydrogen site for
initial reaction is illustrated by the absence of reaction by ters-
butylbenzene (reaction 16).

(RhOEP), + 2C,H,CD(CH,), —
2RhOEP(CH,CH(C,H)CH,) + D, (15)

(RhOEP); + C;H,C(CH,); ———— no reaction  (16)

Benzylic C-H bond energies (85 kcal) are about 15-20 kcal
weaker than aryl or unactivated alkyl C-H bonds.?> Reaction
14 is expected to be highly exothermic (25 kcal), based on esti-
mates of Rh-C (55-60 kcal)?* and Rh-Rh (20 kcal)?* bond
energies. These thermochemical estimates suggest that hydro-
carbon C-H bonds approaching 100 kcal should react as in eq
14. Isomerization of the Rh~C bond from the partially activated
benzylic position to the terminal site illustrates the thermodynamic
feasibility of reaction 14 for unactivated C-H bonds (95-100 kcal).

Previously recognized patterns of (RhOEP), reactivity? and
initial attack at the benzylic position are compatible with a me-
talloradical mechanism.! Absence of bibenzyl and related organic
coupling products argues against the formation of authentic or-
ganic free radicals in reaction 1. The rate of disappearance of
(RhOEP), in reaction 1, using deuteriotoluene (C;Dy), is found
to be first order in [(RhOEP),]. One possible mechanism con-
sistent with these observations is given by 17-20. The observed

(RhOEP), = 2RhOEP- (fast) (17)
RhOEP. + RH = [RhOEP-HR] (fast) (18)

[RhOEP.-HR] + RhOEP. —
RhOEP(R) + RhOEP(H) (RDS) (19)

RhOEP(H) = !/,(RhOEP), + !/,H, (slow)  (20)

C-H bond reactivity is proposed to occur by initial dissociation
of (RhOEP), into the metalloradical Rh''OEP: (eq 17) and the
subsequent coordination assisted hydrogen abstraction compatible
with first-order rate dependence on [(RhOEP),] (eq 19).
Thermal Reactions of RROEP(R) Compounds in C¢Ds. A
prominent feature in the thermolysis of RHROEP(R) compounds
is the production of equal amounts of alkane and alkene without
any evidence for the coupling products (R,). For example,
RhOEP(CH(C4H;)CH,CH,;) reacts to form equal quantities of
B-methylstyrene and n-propylbenzene (reaction 9). A probable
reaction pathway involves formation of a geminate radical pair
that is trapped in a benzene solvent cage.”’ When S-hydrogens

(22) Schwartz, J.; Labinger, J. A. Angew. Chem., Int. Ed. Engl. 1976, 15,
No. 6.

(23) Kerr, J. A. Chem. Rev. 1966, 66, No. 5.

(24) Woods, B. A. Ph.D. Thesis, University of Pennsylvania, 1982,

(25) Espenson, J. H.; Tinner, V. J. Am. Chem. Soc. 1981, 103, 2120.

(26) Wayland, B. B.; Woods, B. A. J. Chem. Soc., Chem. Commun. 1981,
529.

Del Rossi and Wayland

RhOEP(R) = [Rh!'OEP., -R] (21)

are available OEPRh! can abstract a hydrogen atom from R.,
and the resulting stable molecules can diffuse out of the solvent
cage. Addition of RHOEP(H) to the alkene provides a pathway

RhOEP(CH(C(H;)CH,CH,) —
[RhUOEP:, -CH(C(Hs)CH,CH,] —
RhOEP(H) + CH,CH=CHCH; (22)

for rhodium-alkyl rearrangement or intermolecular reductive
elimination by reaction 23 produces the alkane. Reaction 23 has
been independently studied and shown to occur at the conditions
required for the overall reaction (reaction 9). Geminate radical

RhOEP(H) + RhOEP(CH(C(H;)CH,CH,) —
(RhOEP), + CH,CH,CH,C¢H; (23)

pair mechanisms have been previously implicated in the thermal
homolysis of cobalt-alkyl bonds?®-* and may be a general reaction
pathway for many metal-alkyl species.?!32

Evidence for a geminate radical pair intermediate comes from
rearrangements observed for the alkene products. Thermolysis
of RhOEP(CH2CH2CH2C6H5) produces CH3CH2CH2C6H5 and
CH,CH=CHCH; rather than CH,—=CHCH,C¢H; (reaction
10), which suggests rearrangement to the more stable benzylic
radical (CH;CH,CHC4H;) may be occurring in the solvent cage.
Migration of organic radicals from the geminate radical pair is
apparently an inefficient process because no radical coupling
products have been observed.

Further chemical evidence for a radical pair intermediate has
been obtained from reactions of dioxygen that produce ketones
and aldehydes (reaction 24).3'* RhOEP(CH,C¢H;) and

RhOEP(CH(C¢H;)R) + O, —
C¢H,C(O)R +[RhOEP(OH)] (R = H, alkyl) (24)

RhOEP(CH(C¢H;)CH;) react quantitatively by eq 24 to produce
benzaldehyde, CsHsC(O)H, and acetophenone, CsH;C(O)CH,,
respectively. Dioxygen presumably intercepts the radical pair by
the usual mechanism™ to produce peroxy species that subsequently
form carbonyl compounds (reactions 25 and 26).

0.
RhOEP(CH,C,H,) = [RhOEP- -CH,C,H;] —>
[RRUOEP. -0,CH,C4H,] (25)

[RhuOEP' 'OzCH2C6H5] g [RhOEP02CH2C6H5] g
CH;C(O)H + [RhOEP(OH)] (26)

Our continuing studies in this area are focused on direct ob-
servation of the geminate radical pair, the insertion of small
molecules like CO and CO, into Rh—C bonds, and examination
of C-H bond.reactivity for a wider range of organic molecules.
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