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The interaction between free radicals and cobalt complexes (Co(II)TPP and Co(II)(sal),(R-CHXDA)) has

been studied using (S,$)-(—)-, (R,R)-(+)-, and meso-1,1’-diphenylazoethane as a radical source.

The decom-

position of meso-1,1’-diphenylazoethane by heat or UV-light in the presence of Co(II)(sal),(R-CHXDA) having

an asymmetric ligand produced an optically active (4 )-2,3-diphenylbutane.

The suggestion is that the

a-methylbenzyl radical formed from the azo compound is stercoselectively stabilized by the Co(II)(sal),(R-

CHXDA).

The literature cites several addition reactions of
polyhaloalkanes to olefins using organometallic cata-
lysts, 1:1 adducts being formed in good yield. In
the absence of the organometallic complex, there is
negligible formation of the 1:1 adducts.)) Nagai et al.?)
postulated that the reaction proceeded via a free radical
mechanism and concluded that the high selectivity in
the 1:1 adduct was a direct consequence of the restrict-
ed freedom of movement of a radical which was re-
strained in the coordination sphere of the complex.
Furthermore, Murai ¢t al.?) reported an optically active
adduct in the addition reactions of bromotrichloro-
methane to l-alkenes using a rhodium complex with
(—)-diop as the asymmetric ligand.

It accepted that a free radical is stabilized by react-
ing with several metal ions (including metal com-
plexes).® For example, the radicals derived from the
decomposition reactions of several azo compounds are
stabilized in the presence of metal complexes, especially

cobalt, such as Co(II)TPP and Co(II)(sal)y(R-
CHXDA).%
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having an asymmetric ligand to stabilize radicals in
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Either of these two stabilized radicals, (a) or (b), will
enter a reaction preferentially owing to the difference
in their reactivities resulting in the formation of an
optically active product. The interactions between
radicals and metal complexes, especially the effect of
interaction on the yield and specific rotation of 2,3-

diphenylbutane, have been studied using (S,S)-(—)-,
(R,R)-(+)-, and meso-1,1'-diphenylazoethane as the
radical source and Co(II)(sal),(R-CHXDA) as the

asymmetric metal complex.

Experimental
Materials. The azo compounds ((S.,5)-(—)-, (R,R)-
(+)-, and meso-1,1"-diphenylazoethane®) and the metal

complexes (Co(II)TPP and Co(II)(sal),(R-CHXDA)®)
have been prepared as described in a previous paper. (—)-
2,3- 0-Isopropylidene-2, 3 - dihydroxy - 1, 4 -bis(diphenylphos-
phino)butane ((—)-diop) has been prepared according to
the method of Kagan et al.”? The (—)-diop~Rh(I) has been
prepared by mixing (—)-diop and di-g-chloro-bis(z-1,5-
cyclooctadiene)dirhodium(I) in benzene under nitrogen.

Decomposition of Azo Compound. The decomposition of
the azo compounds in the presence or absence of metal com-
plex has been conducted as described in a previous paper.®
In the photo-decomposition reactions, the azo compound,
contained in an ampoule under nitrogen was decomposed
completely by UV-light and the volume of nitrogen re-
leased was measured.

Analysis  of Decomposition Products. 2,3-Diphenylbut-
anc, a coupling product, was separated by TLC (hexane-
silica gel) and the optical rotation was measured. 2,3-
Diphenylbutane was qualitatively analyzed by PMR and
GC-MS.®

Quantitative analyses of the decomposition products were
conducted by GLC (Silicone DC-550). The column temper-
atures were 120 °C for the non-coupling products (styrene
and ethylbenzene) and 200 °C for the coupling product
(2,3-diphenylbutane).

Measurement of Decomposition Rates. The decompo-
sition rates of the azo compounds were measured as des-
cribed in a previous paper.®

Measurement of Visible Spectra. The visible spectra
of benzene solutions containing the cobalt complex (Co(II)-
TPP or Co(II)(sal),(R-CHXDA)), (S,$)-(-)-1,1’-diphenyl-
azoethane and/or nitrosobenzene were measured under
nitrogen using 1 mm thick quartz glass cell.

Results and Discussion

Decomposition of 1,1°-Diphenylazoethane. According
to a previous report,® the decomposition products
from the thermolysis of 1,1’-diphenylazoethane (Azo
compound) in the absence of metal complex were 2,3-
diphenylbutane, styrene, and ethylbenzene. In the
presence of a metal complex, an additional product,
namely acetophenone o-methylbenzylhydrazone was
formed.

The formation mechanism® of these products may
be illustrated by Schemes 1 and 2.
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Scueme 1.

Routes a and b show the coupling and disproportion-
ation reactions of the two radicals in a classical solvent
cage, respectively. Routes d and e are, on the other
hand, the corresponding reactions for radicals diffused
from the cage. Scheme 2 is a possible route for the
decomposition reaction in the presence of the metal
complex as reported previously.®)

The amount of 2,3-diphenylbutane formed was less
in the presence of the complex, since a part of the
starting azo compound was converted into acetophen-
one a-methylbenzylhydrazone (Scheme 2). The com-
plex can interact with three types of radical such

as PhCH(CH,), Ph-C(CH,)-N-N-CH(CH,)Ph, and

Ph—-C(CH;)=N-N-CH(CH;)Ph. In the presence of
U

nitrosobenzene, the only radical produced was the «-
methylbenzyl radical; no acetophenone a-methylbenzyl-
hydrazone was produced (Table 1). In order to
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Fig. 1. Yield of 2,3-diphenylbutane in the presence of
nitrosobenzene. Reaction conditions: in benzene at 104
°G for 2 days; 8S-Azo compound: 3.7 x 10-2 M.

the a-methylbenzyl radical, the thermal decomposition
has been examined in the absence and presence of
nitrosobenzene.

2,3-Diphenylbutane Obtained in the Presence of Nitro-
sobenzene. (S,8)-1,1"-Diphenylazoethane  (S$-Azo
compound) was thermally decomposed in the presence
of nitrosobenzene with and without the metal com-
plex. Figure 1 illustrates the effect of nitrosobenzene
on the yield of 2,3-diphenylbutane and as may be
seen, the yield of 2,3-diphenylbutane decreases with the
increase in the concentration of nitrosobenzene, up to
six times the amount of azo compound. After this,
the yield of 2,3-diphenylbutane did not vary, even in
the presence of a great excess of nitrosobenzene.
Twenty eight percent of 2,3-diphenylbutane is estimat-
ed to be formed in the solvent cage. Under these
conditions, a trace amount of the disproportionation
products was obtained and no acetophenone a-methyl-
benzylhydrazone was formed, even in the presence of
the metal complex (Table 1).

understand the interaction between the complex and From the result in Fig. 2, it appears there
o
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TABLE 1. SPECIFIC ROTATION AND YIELD OF 2,3-DIPHENYLBUTANE FORMED IN THE PRESENCE OF NITROSOBENZENE
Products (%)
Nitroso- . VY
Run A(Z;Z 1‘3’:&2? M?tall 8;) K}I)) lex benzene l\l/[e I\I/Ie IYIC l\l/k [o]® of
x (x10M) PhCH,CH; PhCH-CH, Ph-C—C-Ph Ph-C-N-N:C-Ph coupling
! ! L product
H H HH
1 S 4.2 0 3.27 trace trace 28.0 0 —28.4
2 RR 4.2 0 3.27 trace trace 28.4 0 +28.5
3 SS 4.5 CoTPP 3.4 3.10 trace trace 26.5 0 —28.5
4 SS 4.2 Co* 7.6 3.27 trace trace 24 .4 0 —29.0
5 RR 4.2 Co* 7.6 3.27 trace trace 27.7 0 +29.3
6 meso® 7.5 Co* 53.0 4.75 trace trace 21.7 0

—0.9

Reaction conditions: 104 °C ( a): 80°C) in benzene for 2 days ( a): 7 days).
b) Measured in benzene at 20 °C. Co*: Co(II)(sal),(R-CHXDA).

TABLE 2. DECOMPOSITION RATE OF AZO COMPOUNDS IN THE

PRESENCE OF COBALT COMPLEX IN BENZENE AT 70°C

Azo Complex/Azo compd Obsd

compd Complex (molar ratio) (mol s—1)
SS 0 0 1.11x10-¢
SS Co* 2.7x10-3 1.5 x10-¢
SS Co(IT)TPP 8.2x10-3 1.4 x10-¢

Co*: Co(II)(sal),(R-CHXDA).
S$S§-Azo compound: 2.15x 10~ M.
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Fig. 2. Visible spectra of Co(II)TPP and/or nitroso-
benzene in benzene at 20 °C. Co(II)TPP: 8.45x%
10~ M, nitrosobenzene: 3.74x 10-2 M.

is little, if any, interaction between nitrosobenzene
and the cobalt complex, the spectrum of the binary
system being a simple overlapping of the two individual
spectra.

There is however, evidence which suggests a pos-
sible interaction between the metal complex and the
Azo compound: (1) the visible spectra of a benzene
solution of the $S-Azo compound and the cobalt com-
plexes exhibited isosbestic points (Figs. 3(a) and (b)),
a part of the Azo compound, at least, being thought
to react with the cobalt complex, and (2) the decomposi-
tion rate of the Azo compound in the presence of a
metal complex is higher than that in the absence of
the metal complex (Table 2). The increase in the
rate is regarded as a consequence of the increased
reactivity of the Azo compound which interacts with
the cobalt complex.

The specific rotation and yield of 2,3-diphenylbutane
obtained from the RR and $$-Azo compounds in the

SS~Azo compound/Co(1I) TPP

(molar ratio)
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Fig. 3(a). Visible spectra of Co(II)TPP in the pre-
sence of SS-Azo compound in benzene at 20 °C.
Co(II)TPP: 8.45x 10— M,

SS-Azo compound/Co (1II) (sal); (R-CHXDA)
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Fig. 3(b). Visible  spectra  of  Co(II)(sal),(R-

CHXDA) in the presence of S$S-Azo compound in
benzene at 20 °C. Co(II)(sal),(R-CHXDA): 5.65 X
10— M.,

presence of both Co(II)(sal),(R-CHXDA) and nitroso-
benzene are shown in Figs. 4 and 5, respectively. In
the coupling reaction within a solvent cage, the value

. of [«], and the yield of 2,3-diphenylbutane, derived

from the RR-Azo compound were negligibly changed.
Little dependency upon the concentration of Co(II)-
(sal)s(R-CHXDA) was established, In the case of
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the §$-Azo compéund, however, an increase in the
concentration of the metal complex caused a decrease
in both the yield and the optical rotation (Fig. 4).
The results may be explained by assuming the following
mechanism: In the absence of the metal complex, the
S$S-Azo compound is decomposed as shown in Scheme
3, and the product consists of three coupled com-
pounds, L-L, D-D, and L-D. Therefore, the specific
rotation’ of the product will depend on the relative
rates of coupling and inversion.®)

[ L-N=N-L] -A_, [Le Np-L]wwwm) (-)-L—L ...... route f
SS-Azo compound 3 .
inversion
[L' N2 'D]ﬂ L—D route g
inversion I
...... route h

[D- Ng+D)===t (+)-D-D

Scheme 3.

In the presence of Co(II)(sal),(R-CHXDA), the
radicals within a solvent cage may interact with the
metal complex as discussed above and consequently,
the inversion and coupling reactions will be more
difficult for these radicals. The results shown in Figs.
4 and 5 suggest, therefore, that the ratio of (—)-2,3-
diphenylbutane ((—)-L-L) obtained from reaction route
i is greater than that from reaction route f as in Scheme
3.

[L—N"N—L]——'[L N2 Ll—[L- N2 L] . route i
(-)-L—L

The cobalt complex Co(IT)(sal)y(R-CHXDA), may
have greater interaction with a radical from the
$8-Azo compound compared with that from the RR-
Azo compound, a more favorable stabilization operat-
ing in Form A than Form B.

Ph Ph
CH D CHy !
N / 3 NP

L
)
de

Form A

X =
Form B

The decrease in optical rotation of 2,3-diphenylbutane
from the $S-Azo compound (Fig. 4) may be explained
by assuming that the radical formed from the SS-Azo
compound is immediately stabilized by the Co(II)-
(sal),(R-CHXDA) and that the inversion is suppressed.
Since the stabilized radical on the complex less readily
undergoes coupling, the yield of coupled product de-
creases.

2,3-Diphenylbutane Obtained in the Absence of Niiroso-
benzene. The mechanism of formation of 2,3-
diphenylbutane outside the solvent cage may be eluci-
dated using the meso-Azo compound in place of the
RR and S§$-Azo compounds. Table 3 shows the yield
and the [«], of 2,3-diphenylbutane formed from the

Interactions between Free Radicals and Cobalt Complexes
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Fig. 4. The specific rotation of 2,3-diphenylbutane
formed-from Azo compound in the presence of Co(IT)-
(sal)z(R—CHXDA) and nitrosobenzene.

Reaction conditions: Azo compound: 4.2x102M
nitrosobenzene: 3.27x10-* M in benzene at 104 °C
for 4 days.

30F RR-Azo compopund
o

S8-Azo compound

10X10* 2010 °
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Fig. 5. Yield of 2,3-diphenylbutane formed from Azo
compound in the presence of Co(II)(sal),(R-CHXDA)
and nitrosobenzene.

Reaction conditions: Azo compound: 4.2 x10-2M;
nitrosobenzene: 3.27 x 10-1 M, in benzené at 104 °C
for 4 days.

Yield <f 2,3-diphenylbutane

meso-Azo compound in the presence of an optically
active complex such as Co(II)(sal),(R-CHXDA) or
(—)-diop-Rh(I). 2,3-Diphenylbutane formed in the
presence of Co(II)(sal),(R-CHXDA) or (—)-diop-
Rh(I) was optically active. With the former metal
complex, the optical rotation of. 2,3-diphenylbutane
obtained in the absence of nitrosobenzene showed an
opposite and hlgher absolute value compared to ‘that
obtained in the presence of nitrosobenzene (Table 1,
run 6). This suggests that the major part of the
optical rotation of 2,3-diphenylbutane formed in the
absence of nitrosobenzene is ascribable to 2,3-diphenyl-
butane which was formed by the stereoselective coupl-
ing reaction of diffused radicals outside the solvent
cage. The diffused radicals stereoselectively stabilized
by the metal complex (probably Form A) are consider-
ed to undergo coupling with the other radicals with
inversion of stereochemistry as shown in Scheme 4.

In the presence of nitrosobenzene, because there are
relatively few diffusion radicals, the reaction in the
cage predominates to form (—)-2,3-diphenylbutane as
shown in route i,
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TABLE 3. SPECIFIC ROTATION AND YIELD OF 2,3-DIPHENYLBUTANE FORMED IN THE ABSENCE OF NITROSOBENZENE

2,3-diphenylbutane

Run meso-Azo compd Metal complex Decompn
(x 102 M) (x 100 M) method Yield (%) []3 e.e. (%)%
1 4.8 0 A 95.0 0 (¢=0.53) 0
2 7.8 Co* 6.1 A 97.0 +0.8 (¢=1.47) 0.8
3 4.6 Co* 3.6 A 98.0 +1.6 (¢=1.27) 1.6
4 4.3 Co* 6.1 A 79.9 +2.1 (¢=1.22) 2.1
5 5.4 Co* 6.1 A 68.3 +1.4 (c=1.50) 1.4
6 3.9 Co* 6.1 A 50.8 +1.6 (¢=0.44) 1.6
7 5.3 Co* 3.4 hy 93.4 +0.2 (¢=1.31) 0.2
8 5.1 Co* 6. hy 85.9 +0.3 (¢=0.70) 0.3
9 4.0 Co* 6.8 h 85.3 +0.3 (¢=1.03) 0.3
10 8.5 Co* 16.0 hy 84.0 +0.9 (¢=1.10) 0.9
11 4.8 (—)-diop-Rh(I) 1.2 hy 97.6 —0.9 (¢=0.74) 0.9
12 4.2 (—)-diop-Rh(I) 2.5 hy 96.4 —0.5 (¢=1.52) 0.5

Reaction conditions: A: 82°C in benzene for 4 days.

hv: 30°C in benzene by irradiating UV-light for 30 min.

Co*: Co(II)(sal),(R-CHXDA). a): Measured in benzene at 20 °C.
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I* meso-2,3-diphenylbutane
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Scheme 4.
Conclusion. This study has revealed that an

organometallic complex having asymmetric ligands

stabilizes a free radical from an Azo compound and
produces stereoselective coupling products. The op-
tical yield of the coupling product is very low, but
the optical purity may be improved by controlling the
rate of decomposition of the azo compound, thereby
increasing the possibility of interaction between the
free radical and the complex. The use of metal com-
plexes having more suitable chirality is another method
of attaining a high value of optical purity of product.
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