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washed successively with 2% hydrochloric acid, a saturated sodium
bicarbonate solution, and water and dried over anhydrous calcium
chloride. Concentration of the solution gave 59 g (98% vield) of the
residue which was analyzed on conventional VPC to contain 9.0% of
fraction A. This fraction was separated on the preparative VPC; re-
tention time, 7.5 min; column, 3gin. ¢ X 10 ft, packed with 30% Car-
bowax 20M on Chromosorb W-AW, at 150 °C; He pressure, 22 1b/in.%
injection port temp, 200 °C; detector temp, 240 °C; 300 uL of the
sample being injected every time.

A part (4.5 g, 0.03 mol) of the fraction thus obtained was then
heated under reflux with 18.0 g (0.12 mol) of trifluoromethanesulfonic
acid in 225 mL of methylene chloride for 16 h. The reaction was
quenched by being poured onto 200 mL of ice-water and treated
similarly as above to give a dry methylene chloride solution. Con-
centration of the solution afforded 4.5 g (quantitative yield) of the
residue comprising the isomerization products. The residue was
fractionated on the preparative VPC, and the first-eluted fraction
{fraction A) was recovered to give 0.72 g of crude [3.3.3]propellane (2).
Purification with slow sublimation in vacuo (~200 mm) yielded 0.58
g (0.97% yield based on 1) of 2 with 94% purity: mp 116-117 °C; IR
(neat) 2920, 2850, 1460, 1440, 1290, 1230, 1200, 1160, 1100, 990, 970,
900 em~!; TH NMR (CDCl3) 6 1.40 (s). The mass spectrum! and the
13C NMR chemical shifts (Table 1) were in good agreement with those3
of an authentic specimen.

Anal. Caled for Cy1Hys C, 87.92; H, 12.08. Found: C, 87.9; H,
12.1.

4-Methylbicyclo[5.2.1]decan-10-one (10). To a solution of 24.0
g (0.21 mol) of 4-methylcyclohexanone (8) in 200 mL of a 50:50 v/v
mixture of tetrahydrofuran and methanol kept at 2-5 °C was added
2.0 g of anhydrous potassium carbonate and then dropwise with ef-
ficient stirring in a period of 7 h a solution of 59.7 g (0.23 mol) of di-
methyl N,N’-dinitroso-N,N’-tetramethylenedicarbamate (9) in 1 L
of the THF-methanol mixture. The reaction was stirred at the same
temperature for an additional 5 h and set aside overnight at ambient
temperature. Solid masiters were filtered off and the filtrate was
concentrated. The residue was extracted with petroleum ether and
the solvent was evaporated off. Fractional distillation of the residue
gave 7.9 g (21% yield) of a mixture of isomeric 4-
methylbicyclo[5.2.1]decan-10-one (10), bp 68-70 °C (0.5 mm).

Anal. Caled for C;;H1:0: C, 79.46; H, 10.92. Found: C, 79.3; H,
11.0.

The mixture was analyzed on Golay GC-MS to comprise two major
constituents (35% of the combined peak areas) in a 58:42 ratio, which
were separable also on the preparative VPC. The earlier-eluted,
more-abundant component: IR (neat) 2960, 2920, 2860, 1730, 1450,
1370, 1310, 1190, 1140 cm™%; 13C NMR (CDClg) é¢ 24.20 (t, 2), 28.18
(d, 1),32.49 (g, 1), 34.44 (1, 2), 35.98 (t, 2), 45.88 (d, 2), 232.04 (s, 0.3);
mass spectrum {m/e, rel intensity) 166 (43, M*), 151 (32), 112 (53),
110 (32), 109 (33), 97 (37), 96 {37), 95 (43), 84 (34), 83 (33), 82 (32), 81
(50), 68 (32), 67 (43), 55 (100), 54 (32), 41 (55). The later-eluted
component: IR (neat) 2960, 2940, 2890, 1740, 1480, 1460, 1440, 1380,
1320, 1140 e~ 1; 13C NMR (CDCls) 6¢ 18.03 (q, 1), 24.77 (t, 2), 29.64
(t,2),30.62(d, 1), 31.43 (t, 2), 45.56 (d, 2), 230.09 (s, 0.4); mass spec-
trum (m/e, rel intensity) 166 {44, M*), 123 (38), 112 (60), 110 (38), 109
(38), 96 (40), 95 {(47), 84 (37), 83 (40), 82 (38), 81 (62}, 68 (37), 67 (50),
55 (100), 54 (34), 41 (61).

4-Methylbicyelo[5.2.1]decan-10-one Tosylhydrazone (11). A
solution of 4.3 g (0.026 mol) of the mixture of isomeric 4-methylbi-
cyclo[5.2.1]decan-10-ones prepared above, 5.3 g (0.028 mol) of p-
toluenesulfonylhydrazine, and 1.0 mL of 35% hydrochloric acid in 200
mL of absolute ethanol was heated under reflux for 3 h, and the re-
action was set aside overnight at ambient temperature. Concentration
of the solution and recrystallization of the residue from an ethanol-
ether (50:50) mixture gave 3.2 g (37% yield) of 4-methyl-
bicyclo[5.2.1]decan-10-one tosylhydrazone (11): mp 171-172 °C; IR
{Nujol) 3200 (br), 1600, 1170 cm™*.

Anal. Caled for C1sH2509NsS: C, 64.65; H, 7.84; N, 8.38; S, 9.57.
Found: C,64.4;H.7.7; N, 8.6; S, 9.8.

1-Methylperhydrotriquinacene (4). To 66 g of molten acetamide
kept at 90-95 °C was added 1.6 g (0.070 mol) of sodium in small por-
tions. After dissolution of the sodium, 5.5 g (0.017 mol) of 4-methyl-
bicyclo[5.2.1]decan-10-one tosylhydrazone (11) was added to the
solution with efficient stirring, and the reaction temperature was
raised to 175 °C in a period of 30 min. The reaction was stirred for 5
min at the same temperature and then cooled down to 90 °C.

To the reaction mixture was added dropwise 55 mL of water, and
the resulting mixture was set aside to cool at ambient temperature.
The reaction mixture was extracted with three 50-mL portions of
n-pentane, and the combined pentane extracts were washed with
water and dried over anhydrous calcium chloride. Evaporation of the
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solvent and purification of the residue with the preparative VPC gave
1.7 g (67% yield) of a pure sample of 1-methylperhydrotriquinacene
(4): mp 33-34 °C; *H NMR (CDCl3) 6 1.05 (s, ~CH3), 0.9-2.2 (complex
m); mass spectrum (m/e, rel intensity) 150 (22, M%), 135 (15), 107 (30),
95 (15), 94 (100), 81 (44), 80 (21), 79 (22), 67 (14), 41 (14).

Anal. Caled for C;iHig: C, 87.92; H, 12.08. Found: C, 87.7; H.
12.2.
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In our previous paper,? photodecomposition of ethyl chlo-
roacetate in benzene was found to give a ring substitution
product, ethyl phenylacetate, suggesting a radical substitution
reaction.

H
-CH,C0,Et + O — M
CH,CO,Et
H ke
—> PhCH,CO,Et (2)
CH,CO,Et

These types of ring-substituted products were not observed
in the thermolysis of azo compounds.? To our knowledge, there
is only one available report on the photoinduced decomposi-
tion of azo compounds in aromatic solvents.*

Herein, we report the photodecomposition of AIBN and
MAIB in toluene showing a parallelism between the photo-
chemical behavior of MAIB, AIBN, and «-chloroisobutyrate
in toluene.

Results and Discussion

Photodecomposition of «,a’-Azobis(isobutyronitrile)
(AIBN) in Toluene. Irradiation of 0.10 M AIBN in toluene.
under No for 4 h gave a mixture (~3%) of a-p-tolyliso-
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Table I. The Effect of Initial Concentration of AIBN on
the Ratio of 1a/2a in the Photolysis of AIBN in Toluene 2

[AIBN]o, M la/2a [AIBN]o, M la/2a
0.015 0.18 0.10 0.57
0.025 0.21 0.20 0.63
0.05 0.42

a The reaction mixture was irradiated for 13 h by a 100-W
high-pressure Hg lamp.

butyronitrile (1a) and 8-phenylpivalonitrile (2a) along with
a dimer, 1,1°,2,2'-tetramethylsuccinodinitrile (3) (90%). The
ratio of la to 2a increased with an increase of the initial con-
centration of AIBN as shown in Table 1.

CH, CH, CH:; CH;;
+ NCON=NCON 2>
CH, CH,
CAIBN) C(CH,),CN
la

CH.C(CH,),CN

2a

The increase of light intensity raises the ratio of 1a/2a from
0.57 to 1.31. In a control experiment, where UV light shorter
than 300 nm was cut off by a Pyrex filter, the similar tendency
as above was also observed, that is, the ratio of 1a/2a equals
1.2 which is comparable to the ratio (1.3) without the filter.

Thermolysis of 0.10 M AIBN in toluene at 100-120 °C for
18 h gave 2a (0.5%) along with dimer 3 (84%), but no l1a was
detected.

Photodecomposition of Methyl Azobis(isobutyrate)

CH, CH. CH, CH;,

+ HCO,CON=NCCOCH, 2

CH, CH,
{(MAIB) C(CH,),CO,CH,
1b
CH,C(CH,),CO,CH;
t 7 + (PhCH—~r  (4)
=
2b
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(MAIB) in Toluene. A solution of 0.06 M methyl azobis-
(isobutyrate) (MAIB) in toluene on irradiation under N for
5.5 h completely decomposed to yield a mixture (37%) of
methyl a-p-tolylisobutyrate (1b, 2.3%) and methyl §-phen-
ylpivalate (2b, 34.7%) along with bibenzyl (32%).

Photodecomposition of Methyl a-Chloroisobutyrate
in Toluene. A solution of 0.09 M methyl «-chloroisobutyrate
in toluene on irradiation under Ny for 36 h led to the decom-
position of the isobutyrate in a 15% conversion. The analogous
workup gave a mixture of 1h (20.4%) and 2b (37.3%).

Effect of Radical Sources on Product Distribution.
Reactivities and product distributions on decomposition of
AIBN, MAIB, and methyl a-chloroisobutyrate in toluene are
compiled in Table II.

It is of interest to note that no ring substitution occurred
in thermal decomposition of AIBN and MAIB, although the
thermal decomposition of them should afford the corre-
sponding radicals, -CMeoX, which subsequently collapse into
a dimer (e.g., 3) or a disproportionation product (e.g., iso-
butyronitrile),? while the «-chloroisobutyrate is thermally
stable, giving no detectable product on refluxing in toluene.

As mentioned above, there is observed no difference be-
tween the ratios of 1a/2a on photolyses of AIBN with and
without a Pyrex filter, suggesting the reaction is initiated by
UV light over 300 nm which was exclusively absorbed by
AIBN. The ratio of 1a/2a increases with an increase in both
[AIBN], and light intensity used, which suggests the accel-
eration of ring substitution by a large excess of radical,
-CMeoCN, and implies an attack of the radical on the ring.
However, no ring substitution oceurs in the thermolysis of
AIBN in toluene to give the radical. Therefore, it may be in-
sufficient to explain the reaction by means of a simple radical
substitution as shown in eq 1.

No new UV and visible absorbing species were observed on
addition of AIBN to toluene, indicating that they cannot form
any ground state CT complex.

The following explanation would be reasonable. Excited
AIBN may form an exciplex with toluene, which then collapses
to nitrogen and the precursor to the ring-substitution product.
Alternatively, another pathway via excitation of toluene by
UV light shorter than 300 nm may be plausible because the
substitution product (1b) was observed on photolysis of
methyl a-chloroisobutyrate in toluene in which «-chloroiso-
butyrate was transparent in the range of UV light over 230 nm.
In this case, the excited toluene may transfer its energy to
a-chloroisobutyrate followed by the collapse to radicals, or
it may form an exciplex, which is a transient intermediate
similar to that from toluene and the excited AIBN.

Finally, in our present photolysis of AIBN and MAIB, ring
substitution occurred at the para position of toluene. The
other ortho and meta isomers were formed in small amounts.
The result does not parallel with corresponding ortho and

meta isomers in significant yields along with the para isom-
2h,6
er.2b:

Table I1. Reactivities and Product Distributions Found in the Decompositions of AIBN, MAIB, and C1CMe2CO:Me in

Toluene 2
time, temp, CH;Ph-p-CMe, X PhCH,CMeyX
substrate condition conv, % h o 1,% 2,%
(NCC(CHa)aN=), hv 100 4 RT 1.5¢ 1.57
(AIBN)® A 100 18 100-120 0.5
(HgCOQC(CH;)ZN:)‘: hy 100 5.b RT 34 34k
(MAIB)¢
CIC(CHj3)2C0O:Me? hy 15 36 RT 20 37

a A 300-W high-pressure Hg lamp with a quartz filter was used as light source. 0.05-0.1 M of the substrate in toluene was used in
each run. ® Registry no.. 78-67-1. < Registry no., 2589-57-3. 9 Registry no., 22421-97-2. ¢ Registry no., 40119-34-4. / Registry no.,

35863-45-7. / Registry no., 68682-48-4. & Registry no., 14248-22-7.



858 J. Org. Chem., Vol. 44, No. 5, 1979

Experimental Section

Materials. Methyl a,a’-azobis(isobutyrate) (MAIB) was synthe-
sized by the method reported by Thiele:” mp 26 °C; NMR (CCly) 5
3,70 (s, 3 H), 1.50 (s, 6 H); IR (liquid film) 2970, 2935, 1735, 1452 cm™1,
Methyl a-chloroisobutyrate was obtained by esterification of «-
chloroisobutyric acid with CHsNo: NMR(CDCly) 6 3.79 (s, 3 H), 1.79
(s, 6 H). AIBN was of ccmmercial guaranteed grade and was used
without further purification. «-p-Tolylisobutyronitrile (la) was
prepared by cyanation of 2-p-tolylisopropyl bromide [bp 109-110 °C
(3 mm Hg)): IR (liquid film) 2205 cm™1; bp 78-80 °C (2 mmHg); NMR
(CCly & 7.18 (s, 4 H), 2.39 (s, 6 H), 2.15 (s, 3 H). a-m-Tolyliso-
butyronitrile was obtained from m-cymene according to the procedure
similar to that of the para isomer: IR (liquid film) 2200 cm~!; NMR
57.2 (m, 4 H). 2.38 (s, 3 H), 1.69 (s, 6 H).

General Procedure. Halos high-pressure 100 and 300 W Hg lamps
with a water-cooling quartz jacket were used as light sources. The
reactant mixture was placed in a cylindrical quartz vessel (30 X 300
mm) and nitrogen gas was bubbled into the mixture. The vessel along
with the lamp was immersed in a water bath and the distance between
the vessel and the lamp was kept at approximately 5 cm.

Analyses of Products. The analyses and identifications of prod-
ucts were done by means of GLC employing a Yanagimoto Model
(GCG-550F operated with columns (1.2m X 4 mm) of both PEG 20M
(10 wt %) on Chromosorb WAN and Silicon OV 17 (5 wt %) on Shi-
malite WAN.

Thermolysis of AIBN in Toluene. A solution of 0.096 M AIBN
(2.35 g) in toluene (150 ml.) was heated at 100-120 °C for 18 h. The
reaction mixture, after separation from 3 (1.65 g, 84%) by filtration,
was chromatographed on silica gel {(Malinckrodt, 100 mesh) and on
eluting with benzene-n-hexane (6:1) afforded an oil (10 mg, 0.5%)
which was characterized as 3-phenylpivalonitrile (2a): NMR (CDCly)
67.29 (5,5 H), 2.82 (s, 2 H), 1.35 (s, 6 H); m/e (rel intensity) 159 (M)
1501, 136 (100), 132 (38). 91 (25), 80 (50), 79 (83). The structure of 3
was determined from GL{Z-MS analysis: m/e (rel intensity) 138 (M)
13), 121 (20), 69 (200), 68 {91), 54 (55), 42 (34).

Photolysis of AIBN in Toluene. A solution of 0.096 M AIBN (2.35
g) in toluene (150 mL) was photolyzed with a 300-W high-pressure
Hg lamp. After irradiating for 4 h, the reaction mixture was filtered
to remove 3 (1.71 g, 90%) and the filtrate was chromatographed to give
an oil (3%). It was found to be a mixture of a-p-tolylisobutyronitrile
{1a) and 3-phenylpivalonitrile (2a} in the ratio of 1.3, respectively.
The compounds were identified by means of GLC and GL.C-MS and
comparing with the authentic samples synthesized independently.
For la, m/e (rel intensity) 159 (M*) (73), 91 (100). Independently,
the above toluene solution of AIBN was photolyzed by a Pyrex-fil-
tered light from the same 300-W lamp. The GLC analysis of the
mixture after 599 decomposition of AIBN indicates the formation
of 3 (89%) and a mixture (0.5%) of 1a and 2a (the ratio of 1a/2a equals
1.2).

Photolysis of MAIB in Toluene. A solution of 0.06 M MAIB (2.2
¢ in toluene (170 mL) was photolyzed with the UV light. The disap-
pearance of MAIB was observed after 5.5 h of irradiation. Chroma-
tography of the reaction mixture on SiO, with benzene-ethyl acetate
aftforded bibenzyl 10.28 ¢) and an oil {0.36 g, 37%), which was char-
acterized as a mixture of methyl a-p-tolvlisobutyrate (1b) and methyl

s-phenylpivalate (2b) in the ratio of 1:15, respectively. For 2b: NMR
47.20m, 5 H) 3.65 (5.3 H, OMe), 2.86 (s, 2 H), 1.20 (s. 6 H). For 1b:
NMR 6 7.2 (m. 4+ Hi, 365 (s, 3 H), 2,35 (5, 3 H), 1.58 (s, 6 H).

Photolysis of Methyl a-Chloroisobutyrate in Toluene. A so-
lution of .09 M methy] «-chloroisobutyrate (2.0 g) in toluene (150
ml.} was photolyzed with UV light. After irradiation for 36 h, a 156%
conversion of the isobutyrate was observed. Similar workup of the
reaction mixture using silica gel chromatography gave bibenzyl (0.17
¢) and a mixture of Ib and 2b (0.12 g, 57.7%) in the ratio of 6:11, re-
spectively.

Registry No.—3, 3333-52-6; «-chloroiscbutyric acid, 594-58-1;
bibenzyl, 103-29-7: 2-p-tolylisopropy! bromide, 68682-49-5; «-m-
tolvlisobutyronitrile, 30568-27-5; m-cymene, 535-77-3; toluene,
108-88-3,
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In arecent paper,! Pettit and Wilson correlated the direc-
tion of hydrogen migration in substituted iscindenes 1
(Scheme I) with the symmetry of the nonbonding orbital in
the indenyl radical. In the unsubstituted radical, this orbital
has a node at the Cs carbon. In the substituted cases, the node
is either between Cy and C; or between Cy and C, depending
on R (Scheme II). The concerted suprafacial hydrogen mi-
gration is allowed when it occurs between two neighboring
carbon atoms with the same sign in the nonbonding orbital.
Simple Hiickel molecular calculations allow predictions in
remarkable agreement with the experimental results? (except
for R = H). The purpose of this note is to show how the posi-
tion of the node, and thus the direction of hydrogen migration,
is related to the electronic properties of the substituent R.

As a model we study, by means of perturbation theory, the
asymmetry induced by substitution in the nonbonding orbital
of the allyl radical. This asymmetry arises from second-order
mixings between the antisymmetric nonbonding orbital (¢20)
and the symmetric orbitals (¢,% and ¢3") of the parent un-
substituted radical. The sign of the nonzero coefficient which
appears on the central carbon Cs depends on the signs of the
mixing coefficients between the molecular orbitals.

Let us first assume that the substituent is a single orbital
perturber (R = F, OH, NH,, BH,), whose p orbital energy is
x/3. In Figure 1 are drawn the Hiickel orbitals prior to inter-
action. The orbitals are so oriented that all of the overlap in-
tegrals are positive. The mixing coefficients between " and
1", and between «o" and «3°, are respectively:?

Scheme |
Ph
L H
v
) 2 | Ph  R=C0,CH;,COCHy,CN
Ph
H oA R
Ph Ph
R 3
2 Ph R=CH
1 (b) 3
H
R
Scheme 11
2

R -
DI =
3 1

3 1
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