NMR oF CYCLOPENTADIENYLMAGNESIUM COMPOUNDS

THF (20 ml). The mixture was refluxed for 5 hr. The excess
of hydride was destroyed by the addition of an aqueous con-
centrated solution of Na,80; and the purification procedure
followed was identical with that described for compound 6.
The yield of product after ether trituration was 0.9 g (519%,), mp
159-160°. The compound recrystallized from acetone as white
prisms: mp 161-162°; ir 3450, 3200, 1680, 1675 (shoulder),
1300, 1070, 1030, 860, 850, 790, 765, 745, and 710 cm~!; nmr
5 3.48 (t, 2), 3.53 (q, 2), 4.04 (s, 2), 4.70 (t, 1), 7.32 (m, 10),
and 7.92 (s, 1); mass spectrum m/e (rel intensity) 282 (33)
(parent), 252 (34), 251 (76), 209 (15), 208 (69), 205 (24), 178
(34), 108 (40), 105 (56), 91 (35), 77 (45), 74 (54), 72 (42), 58
(64), and 43 (100).
Anal. Caled for Ci7HsN,Os: C, 72.31; H, 6.42; N, 9.92,
Found: C,72.17; H,6.60; N, 9.87.
1-(2-Hydroxyethyl)-4,4-diphenyl-2-imidazolidinone Methane-
sulfonate Ester (2b).—Following the procedure for the prep-
aration of 2a, compound 5 (0.58 g, 2.07 mmol) was treated with
methanesulfonyl chloride (0.19 ml, 2.17 mmol)in 5 ml of pyridine.
After the addition of concentrated HCIl, the solution was ex-
tracted with CHCl;. The chloroform layer was washed with
water and dried (Na,80,). The oil recovered after removal of
the solvent was triturated with ether and the solid formed was
recrystallized from benzene to yield 0.40 g (54%,) of 2b: mp
124-125°; ir 3200, 1680, 1370, 1340, 1180, 1000, 990, 900,
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805, 750, 715, and 705 em~*; nmi & 3.02 (s, 3), 3.42 (t, 2), 4.00
(s,2), 4.27 (t,2), 7.28 (m, 10), and 8.10 (s, 1).

Anal. Caled for C1eHyoN,O4S: C, 59.98; H, 5.59; N, 7.77;
S,8.80. Found: C,59.83; H,5.71; N, 7.65; S,8.92.

2,3,5,6-Tetrahydro-6,6-diphenylimidazo[2,1-b] oxazole (1b).—
Following a similar procedure for the synthesis of 1a, compound
2b (0.40 g, 1.15 mmol) was treated with 0.2 g of NaH (579 oil
suspension) in toluene. The reaction was completed in 1.5 hr
according to tlc analysis [one spot, R; 0.33, silica gel, CHCl;-
EtOAc (1:1)]. The starting material in the same system had an
R; value of 0.18. After work-up, 0.25 g (85%) of 1b was ob-
tained. One recrystallization from toluene afforded an analytical
sample: mp 197-198°; ir 1670, 1260, 1210, 980, 780, 755, 732,
710, and 700 em—'; nmr & 3.22 (t, 2), 3.80 (s, 2), 4.64 (t, 2), and
7.26 (m, 10); mass spectrum m/e (rel intensity) 264 (100)
(parent), 208 (96), 187 (60), 180 (30), 165 (38), 160 (100), 132
(22), 105 (31), 91 (33), and 77 (83).

Anal. Caled for Ci/H;eN.0O: C, 77.24; H, 6.10; N, 10.60.
Found: C,77.40; H,6.15; N, 10.70.

Registry No.—la, 34806-22-9; 1b, 34792-37-5;
2a, 34806-23-0; 2b, 34792-38-6; 5, 34806-24-1; 6,
34806-21-8.
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Low-temperature pmr spectra of mixtures of magnesium cyclopentadienide and magnesium chloride and of
magnesium cyclopentadienide and magnesium bromide, 0.05-0.56 M in tetrahydrofuran, indicate that the cyclo-
pentadienylmagnesium halides consist of Schlenk equilibrium mixtures, (C;H;):.Mg + MgX, = 2C:H;MgX, in

which the C;H.MgX predominates.

A rapid exchange between cyclopentadienylmagnesium chlorides and eyelo-
pentadienyl impurities (presumedly alkoxides) has been detected.

13C nmr chemical shifts of eyclopentadienyl-,

methyleyclopentadienyl-, 1,3-dimethyleyclopentadienyl-, and trimethylsilyleyclopentadienylmagnesium chlo-
rides are reported and discussed in terms of the charge distributions in substituted cyclopentadienides.

The observation that benzyne adds to cyclopentadi-
enylmagnesium bromide (“CsH;MgBr'’)2 to give benzo-
norbornadien-9-ylmagnesium bromide® has stimulated
investigation of the structure of cyclopentadienylmag-
nesium compounds. Ir and uv spectra of “C;H;MgBr”
and “C;H;MgCl” and magnesium cyclopentadienide
[(CsH;):Mg] in tetrahydrofuran (THF) indicated that
the principal components of these compounds in solu-
tion all have magnesium atoms located on or near the
C; axes of the cyclopentadienide ions.* They do not
have carbon-magnesium ¢ bonds. X-Ray analysis
proved that a solvated C;H;MgBr crystal had a similar
structure,® and the crystallographic unit cell parameters
of (C;H;).Mg suggested that it was isostructural with
ferrocene.! This spectroscopic and X-ray data, how-
ever, provide no clue as to the nature of aggregation of
cyclopentadienylmagnesium compounds in solution.

(1) University of 1llinois.

(2) In this paper “CsHsMgBr'' denotes cyclopentadienyl Grignard reagent
without specification of its composition, and CsHsMgBr denotes cyclopenta-
dienylmagnesium bromide, a specific component of the Schlenk equilibrium
mixture.

(3) (a) G. Wittig and E. Knauss, Chem. Ber., 81, 895 (1958); (b) W. T.
Ford, R. Radue, and J. A, Walker, Chem. Commun., 366 (1970).

(4) W.T.Ford, J. Organometal. Chem., 88, 27 (1971).

(5) G.D. Stucky, personal communication,

(6) E.Weiss and E. O. Fischer, Z. Anorg. Allg. Chem., 878, 219 (1955).

In 1929 Schlenk’ suggested that Grignard reagents
were equilibrium mixtures as shown in eq 1, because

R.Mg + MegX. > 2RMgX (1)

addition of dioxane to “RMgX” precipitated MgXo.
In spite of numerous attempts to detect Schlenk equi-
libria,® only recently has direct identification of RMgX
and R:Mg in solution by nmr established positions of
equilibrium quantitatively.® ' Evans and Fazakerley?®
reported F and 'H spectra of RMgX and R.Mg for
over 20 different Grignard reagents and found the
position of equilibrium to be highly dependent on the
alkyl or aryl group and the solvent. Temperatures of
—68° and below were needed to observe slow exchange
pmr spectra of CH;MgBr and (CH;),Mg in THF., A
similar study of “C:;H:MgCl” and “C;H;MgBr” in
THF is reported here.

In an extension of our cycloaddition research benzyne
was generated in solutions of several substituted “cyclo-

(7) W. 8Bchlenk and W. Schlenk, Ber., 62, 020 (1929).

(8) For a review of earlier literature on Schlenk equilibria see E. C, Ashby,
Quart. Rev., Chem. Soc., 21, 259 (1967).

(9) D.F.Evansand G. V. Fazakerley, J. Chem. Soc. 4, 184 (1971).

(10) (a) G. E, Parris and E. C. Ashby, J. Amer. Chem. Soc., 98, 1206
(1971); (b)Y J. A. Magnuson and J. D. Roberts, J. Org. Chem., 87, 133
(1972).
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Figure 1.—Low-temperature pmr spectra of “C;H;MgCl” in
THF: (a)0.185 M “C;H:;MgCl”, 0°; (b)0.093 M “C,;H;MgCl"”,
—60°; (c) 0.093 M “C;H;MgCl”, —85°; (d) 0.267 M C:H;-,
0.175 M Mgzt 0.084 M Cl—, —95°; (e) 0.077 M C;H;~, 0.144
M Mg?t, 0.211 M Cl-, —75° DPeaks marked X are spinning
side bands.

)

pentadienylmagnesium chlorides.” 11 The resulting
isomeric substituted benzonorbornadienes were formed
neither randomly nor highly selectively. In order to
determine whether charge distributions in the sub-
stituted cyclopentadienylmagnesium compounds af-
fected their courses of addition to benzyne, **C chemical
shifts of their ring carbons were measured.

Experimental Section

Preparations of substituted cyclopentadienes, cyclopenta-
dienylmagnesium chlorides, and (C;H;):Mg were described
earlier.#11 Magnesium methyleyclopentadienide [(CHgCsHy).-
Mg] was prepared by a procedure identical with that for (CsHs)-
Mg.¢ Tetrahydrofuran was freshly distilled from potassium
fluorenide.

Anhydrous magnesium chloride was prepared from mercuric
chloride and magnesium turnings in THF.*2  Analyses'® of white
powder after drying for 3 hr at 120° in vacuo follow. Anal.
Caled for MgCly;: Mg, 25.53; Cl, 74.47. Found: Mg, 11.79;
Cl, 33.81. This corresponds to an atom ratio Cl/Mg of 1.966.
A pmr spectrum in THF revealed no water peak. A pmr spec-
trum in DO revealed a large amount of THF in the sample. We
suspect that the literature preparation?? of anhydrous MgCl; also
contained THF, although the authors did not report it. Since
all our spectra were recorded in THF, the solvent in the solid
sample did not matter as long as the composition of the solid was
known.

Anhydrous magnesium bromide was prepared from 1,2-di-
bromoethane and magnesium turnings in THF. Analyses'® of
the white powder which remained after evaporation of solvent
and drying 12 hr at 130° 4n vacuo follow. Anal. Caled for
MgBr,-CHsO: Mg, 9.48; Br, 62.37. Found: Mg, 9.87;
Br, 61.52. This corresponds to an atom ratio Br/Mg of 1.941.
A pmr spectrum of the sample in D;O revealed THF signals.

Preparation of Cyclopentadienide Solutions.—All of the *#*C
chemical shifts and some preliminary low-temperature pmr

(11) W.T. Ford, J. Org. Chem., 36, 3979 (1971).

(12) E. C. Ashby and R. C. Arnott, J. Organometal. Chem., 14, 1 (1968).

(13) Analyses for magnesium by EDTA titration and for halides by mer-
curic thiooyanate titration were performed by J. Nemeth.

Forp AND GRUTZNER

spectra were obtained with solutions prepared as described
earlier41! from Alfa 3.0 M ethylmagnesium chloride in THF and
Alfa 2.95 M methylmagnesium bromide in diethyl ether. When
low-temperature pmr showed an extraneous cyclopentadienide
peak in solutions prepared from these commercial Grignard
reagents, their use was discontinued and all subsequent solutions
for pmr study were prepared from (C;H;),Mg and anhydrous
magnesium halides. (See Results and Discussion for explana-
tion.) All ¥3C samples were 1.0 M in cyclopentadienide, mag-
nesium, and chloride. Pmr samples of ““C;H;MgCl’* were pre-
pared from analyzed'® stock solutions of 0.40 M MgCl; in THF
and 1.01 M (C;H;)»Mg in THF. Pmr samples of “‘CsH;MgBr”’
were prepared from weighed amounts of MgBr,+CH;0 and the
stock solution of 1.01 M (C;H;),Mg in THF. All nmr samples
were prepared in an argon-filled drybox. The capped tubes were
sealed immediately after removal from the drybox. No changes
were observed when selected spectra were repeated after periods
of 60 days or more.

Spectra.—Proton spectra were obtained with a Varian HA-100
instrument. Proton chemical shifts were measured relative to
the 8-CH, of THF (1.767 ppm) with & Varian V-4315 frequency
counter. Temperatures were determined to ==1° with a cali-
brated methanol sample. '

Carbon spectra were obtained at 25.2 MHz with a Varian
X1-100 spectrometer. Deuterioacetone, contained in a con-
centric tube, provided the lock signal. Proton noise or off-
resonance decoupling techniques were used in all cases. Carbon
chemical shifts were determined relative to internal tetrahydro-
furan and are reported relative to TMS. Tetrahydrofuran shifts
Cy, = 65.8, Cg = 22.7 were determined relative to internal
benzene and converted to TMS scale using the relationship
5TM8 = Bbenzens + 128.5. The addition of MgCl; to THF did not
change the shifts by more than 1 Hz. Temperatures were
measured with a 5-mm Wilmad long-stem thermometer placed
in a 12-mm tube containing methanol. We have noted that
simple replacement of the 12-mm sample tube by the 5-mm
thermometer leads to errors as large as 20°, This discrepancy
can be traced to the change in gas flow in the probe with change
in tube size,

Results and Discussion

At probe temperature (28°) the pmr spectra of
“CyHsMgBr” and “CsH;MgCl” in THF were sharp
singlets. Upon cooling either Grignard reagent the
signal broadened and at about —60° a second signal
appeared at higher field. Further cooling to —90°
sharpened the higher field signal and increased its rela-
tive area. Sample spectra of “Cs;H;MgCl” are shown
in Figure 1. A sample of “C;H;MgCl” prepared with
excess (CyH;):Mg showed the same two peaks at
< —60°, but the relative area of the higher field peak
was markedly increased (Figure 1d). A sample of
“CsH:MgCl” prepared with excess MgCl, showed the
lower field peak at <—60° but only a trace of the
higher field peak (Figure le). Similar experiments
with CsH;MgBr, (C;H;).Mg, and MgBr, gave similar
results. The relative areas of the two signals in low
temperature pmr spectra of “C;H;MgCl” were inde-
pendent of concentration over a 0.056-0.56 M range.
The relative peak areas in low temperature spectra of
“CyH;MgBr” also were independent of concentration
over a 0.050-0.40 M range.

This spectral behavior is the same as that observed
with other Grignard reagents® ! and is consistent with
the Schlenk equilibrium (eq 1) in which the lower and
higher field pmr signals are due to C;H;MgX and
(CsH;):Mg, respectively. Moreover, the chemical
shifts of the two signals are the same as those of sep-
arate solutions of “C;H;MgX” and (C;Hs).Mg at
27°.4 Actually these and the previous® ™ nmr results
are also consistent with a host of other equilibria simi-
lar to eq 1 but involving higher states of aggregation.
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The independence of position of equilibrium on Gri-
gnard reagent concentration rules out equilibria in-
volving different states of aggregation, such as 2 mo-
nomer == dimer. We presume, however, that “C;Hg-
MgX” and “CsH;MgBr” are monomeric in THF be-
cause several other Grignard reagents have been found
previously to be monomeric in THF by ebulliometry.!4

In a preliminary investigation of low-temperature
pmr spectra of “C;H;MgCl” and “C;H;MgBr” pre-
pared from commercial Grignard reagents not two, but
three well-resolved peaks appeared. The third peak
was located between those assigned to C:H;MgX and
(CsH;):Mg. Since the third peak did not appear in
samples prepared from (Cs;H;)»Mg and anhydrous
magnesium halides, it apparently was an impurity de-
rived from the commercial Grignard reagents. We
suspect the impurity was a cyclopentadienylmagnesium
alkoxide because low-temperature spectra of a “C;H;-
MgBr’”’ sample to which a drop of methanol was added
also contained a third peak at approximately the same
position.

The Schlenk equilibrium constants for “C;H;MgBr”
and “C;H;MgCl” were temperature dependent (see

Table I). Extrapolation of the —65 to —90° data
TaBLE I
EquiLiBrIUM CONSTAN}I{‘S N THF ror
(C:,H5)2Mg’ + 1\1ng < 205H5MgX
Kﬂ/
Temp, °CP X = Br° X = C1é
—65 233 106
-70 114 75
—-75 74 54
—80 46 39
—85 26 29
—90 13.6 19.0
AH®, keal mol—t e 7.3 +=1.3 5.1=+1.8
AS°, cal deg~! mol ! 45 = 7 34 +9

(—75%)
¢ At most temperatures only one measurement was made.
Values at —75° were reproducible to 459, in duplicate experi-
ments. ?==1° 020 M “C:H;MgBr.” <0093 M “C;Hs;
MgCl.”” ¢ Errors estimated from maximum deviations of points
from lines in log K vs. 1/T plots.

indicates that ‘“C;H;MgBr” contains 0.5 mol 9
(CsH;):Mg and “CsH;:MgCl” contains 1.3 mol 9
(C5H5)21V.[g at 250.

Although the relative areas of peaks in low-tempera-
ture “C;H;:MgBr”’ and “C;H;MgCl” pmr spectra were
independent of concentration, the linewidths of the
CiH;MgX peaks at —60 and —75° increased as the
concentration of “C;H;MgX” increased. This implies
that exchange of C;H;MgX is of kinetic order greater
than one in G;H;MgX, or that impurities are catalyzing
the exchange process. Second-order kinetics for in-
version of primary alkyl groups and exchanges of alkyl
groups in Grignard reagents have been noted before.1
No attempt was made to obtain better kinetic data be-

(14) F. W, Walker and E. C. Ashby, J. Amer. Chem. Soc., 91, 3845 (1969),
and references therein,

(15) (a) G. M. Whitesides and J. D. Roberts, J. Amer. Chem. Soc., 87,
4878 (1965); (b) G. Fraenkel and D. T. Dix, ¢bid., 88, 979 (1966); (c) H. O.
House, R. A, Latham, and G. M. Whitesides, J. Org. Chem., 82, 2481 (1967);
(d) G. Fraenkel, C. E, Cottrell, and D. T. Dix, J. Amer. Chem. Soc., 98,
1704 (1971).
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cause the Grignard solutions in this investigation were
prepared from common “Grignard”’ grade magnesium
turnings and may contain impurities which catalyze
alkyl group exchange.!®* Although minor impurities
may affect greatly the kinetic processes in Grignard
reagents, they should not affect the position of the
Schlenk equilibrium much.

The proton chemical shifts of substituted ‘‘cyclo-
pentadienylmagnesium chlorides” provided little in-
dication of charge distribution in the cyclopentadienide
ions.) However, 1*C chemical shifts are more closely
related and more sensitive to charge density than are
proton chemical shifts. There is theoretical justifica-
tion for an approximately linear **C chemical shift vs.
charge density relationship in cyclic aromatic systems.?’

Carbon chemical shifts of the ‘“‘cyclopentadienyl-
magnesium chlorides” appear in Table II. Assign-

TasLe IT
13C CHEMICAL SHIFTS® OF
“CYCLOPENTADIENYLMAGNESIUM CHLORIDES'’®

CH, Si(CHy,
3 CHyu A -CH, !
& &
1088 G 1161 Gi11es G 1126
1041 2 \
oot Ci101.4 o125, 1057
CH, 11.1  CH, 11.2 CH, —3.8

¢ In parts per million downfield from TMS; wvalues are ac-
curate to +=0.3 ppm (see footnote 24). 1.0 M in THF at
35°.

ments were made from proton-coupled and off-reso-
nance-decoupled spectra when possible. The tentative
C, and C; assignments of methyleyclopentadienide
were made by analogy to 1,3-dimethyleyclopenta-
dienide.

Methyl substitution for hydrogen in eyclopenta-
dienide shifts the *C signal of the methyl-bound ring
carbon downfield 12.3 and 10.6 ppm, respectively, in
the methyl and 1,3-dimethyl compounds, but has little
effect on the unsubstituted ring carbons. Comparisons
of 13C chemical shifts of methylbenzenes to benzene
give very similar results,’® although the changes of
chemical shifts in the cyclopentadienides are slightly
greater than in the benzenes, as expected for nonal-
ternant systems.'® If we take toluene as a model for
methyl group effects on ring carbon chemical shifts,
then all other structural factors influencing chemical
shifts change the methyl- and 1,3-dimethyleyclopenta-
dienide ring carbons by <3.2 ppm compared to unsub-
stituted cyclopentadienide.®® A linear correlation be-
tween '?C chemical shift and charge density has been
established for a series of ionic and neutral monocyclic
aromatic systems with a slope of 167.8 ppm per unit

(16) For a discussion of the nature of impurities in common magnesium
turnings which attributes line broadening to the presence of Mn(1l) see ref
15¢, p 2483, The (C:Hs):Mg stock solution in this work was pink, also
suggestive of Mn(Il) impurities.

(17) (a) M. Karplus and J. A, Pople, J. Chem. Phys., 88, 2803 (1963);
(b) T. Tokuhiro and G. Fraenkel, J. Amer. Chem. Soc., 91, 5005 (1969).

(18) (a) P. C. Lauterbur, ibid., 88, 1838 (1961); (b) H. Spiesecke and
‘W. Q. Schneider, J. Chem. Phys., 88, 731 (1961).

(19) A.J.Jones, T. D, Alger, D, M, Grant, and W. M. Litchman, J. Amer.
Chem. Soe., 92, 2386 (1970).

(20) [As for CCHs in CH:CsHy~ (—12.3 ppm)] — [AS for CCH; in CH;s-
CeHs (—9.1 ppm)®#b] = —3.2 ppm.
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charge.?’ Thus we conclude that methyl substitution
has left the charge distribution in the cyclopentadienide
ring almost unchanged. This conclusion contrasts
with the charge densities predicted by simple HMO
theory shown below.?? 'We believe that the 2C chem-
ical shifts provide a more reliable guide.

CH,
0.01

°’28
0.22

The sum of downfield chemical shifts of ring carbons
in cyclopentadienide due to trimethylsilyl substitution
is —30.0 ppm (see Table I) compared to —18.9 ppm
for trimethylsilyl substitution on benzene.?* This is
evidence for withdrawal of electron density from cyclo-
pentadienide by silicon.

Qualitative low-temperature *C nmr spectra of
“CeH;MgCl” and “CH;C:HMgCl” were similar to
each other and to the pmr spectra of ‘“C;H;MgCL”
At —67° a proton-decoupled spectrum of C;H;MgCl
prepared from commercial Grignard reagent showed
two peaks separated by 21 Hz with relative areas of
4:1. These peaks must be “C;H;MgCl” and an im-
purity (probably a cyclopentadienylmagnesium alk-
oxide), because the proton spectra indicate that
(CsH;).Mg should not be detectable at the sensitivity
limits available in the '*C experiment. Spectra of
“CH,C;H,MgCl” prepared from commercial Grignard
reagent showed sharp proton-decoupled peaks at 50°.
The peaks due to C; and C; were examined as a function
of temperature. On cooling each peak broadened and

(21) (a) H. Spiesecke and W, G. Schneider, Tetrahedron Lett., 468 (1961);
(b) E. A. LaLancette and R. E. Benson, J. Amer. Chem. Soc., 87, 1941
(1965).

(22) 8. McLean and P. Haynes, Tetrahedron, 21, 2313 (1965).

(23) G. E. Maciel and J. J. Natterstad, J. Chem. Phys., 48, 2427 (1965).
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then separated into two sharp peaks at —38°. The
intensity ratio of each pair of peaks was 4:1 and this
ratio remained unchanged down to —65°. Peak sep-
arations were 10 and 33 Hz for C; and C;, respectively.
Only sharp singlets could be seen in a spectrum of
“CH;CsH.MgCl”’ prepared from (CH;C;H,).Mg and
anhydrous MgCl; even at —67°. All of the Grignard
solutions prepared from commercial Grignards showed
similar exchange phenomena in their *C spectra.
These observations show that cyclopentadienylmag-
nesium chlorides are in rapid equilibria with the im-
purities (presumably alkoxides) in commercial Grignard
solutions.?* Precautions should be:taken to prevent
this complication in kinetic studies. The high solute
concentrations required without the aid of Fourier
transform spectroscopy prevented observation of the
Schlenk equilibrium by earbon magnetic resonance.

Registry No.—MgCl,, 7786-30-3; MgBr,, 7789-48-2;
(CsH;) Mg, 1284-72-6; cyclopentadienylmagnesium
chloride, 11112-17-7; methyleyclopentadienylmagne-
sium chloride, 11112-18-8; 1,3-dimethyleyclopentadi-
enyl chloride, 11112-19-9; trimethylsilyleyclopenta-
dienylmagnesium chloride, 11112-20-2.
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(24) The impurities affect only slightly the chemical shifts in Table II.
For example, in the contaminated sample of ‘‘CH;CsHsMgCl’ the 33-Hz
separation between the two Cs peaks at —38° corresponds to a chemical
shift difference of only 0.26 ppm between CHsCsHsMgCl and the weighted
average of CH3C:HsMgCl and impurity. Since all other peak separations
in all the compounds in Table 11 at low temperature were smaller than 33
Hz, the errors in chemical shifts due to impurities are <0.3 ppm.

Oxidation by Metal Salts
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Oxidation of p-cymene with cobalt(IIT) acetate gives p-isopropylbenzyl acetate and p-isopropylbenzaldehyde

as predominant produects.

With manganese(II1) acetate, however, a mixture of eymene dimers is formed pre-

dominantly. In the presence of oxygen, with the cobalt salt, p-isopropylbenzoic acid is formed, and with the
manganese salt, a mixture of p-toluic acid and p-methylacetophenone. The different nature of the products
suggests two mechanisms, electron transfer with cobalt and a free-radical pathway with manganese.

The catalytic effect of transition metal ions in the
autooxidation of hydrocarbons is well established.
Metal ions take part in the initiation step by decom-
posing hydroperoxides into radicals which propagate
the chain mechanism.!—% Recently, direct interactions
of metal ions with hydrocarbons have been stressed.
Such interactions appear to be important when rather
large, as opposed to catalytic, concentrations of metal
ions are used. Two of the ions, Co(III)*~* and

(1) A.S.Hay and H. 8, Blanchard, Can. J. Chem., 48, 1306 (1965).

(2) Z. G. Kozlova, V. F. Tsepalov, and V. Ya. Shiyapintokh, Kinet.
Katal., B, 868 (1964).

(3) Y. Kamiya, S. Beaton, A, Lafortune, and K. U. Ingold, Can. J. Chem.,
41, 2020, 2034 (1963).

Mn(III),1-18 have been studied in detail. Initially,
both were thought to operate in an analogous manner.
Now, it is believed that Co(III) functions primarily

(4) W.F. Brnill, Ind. Eng. Chem., 52, 837 (1960).

(5) K.Sakota, Y. Kamiya, and N. Ohta, Can, J. Chem., 47, 387 (1969).

(8) T.A.Cooper and W. A. Waters, J. Chem. Soc. B, 687 (1967).

(7) Y. Ichikawa, G. Yamashita, M. Tokashiki, and T. Yamaji, Ind. Eng.
Chem., 62, 38 (1970).

(8) T.Morimoto and Y. Ogata, J. Chem. Soc. B, 62, 1353 (1967).

(9) R. M, Dessau, 8. Shih, and E. I. Heiba, J. Amer, Chem. Soc., 92, 412
(1970).

(10) E. I, Heiba, R. M. Dessau, and W. J. Koehl, Jr., ibid., 91, 6830
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