Photoaddition of Benzene to Olefins. II.
Stereospecific 1,2 and 1,4 Cycloadditions®?
Sir:

We wish to report that bicyclo[4.2.0]octa-2,4-dienes 1
and bicyclo[2.2.2]octa-2,5-dienes 2 are formed by 1,2
and 1,4 cycloaddition of benzene to olefins upon ir-
radlatlon of their solutions at 2537 A. In products
from cis-2-butene (a) and trans-2-butene (b) configura-
tion is retained, as it is?:2 in the tricyclo[3.3.0.0%%]oct-3-
enes 3 resulting from 1,3 cycloaddition,?=% and indeed
all three types of products appear to be derived from a
common precursor. Heretofore, as pointed out by
Bryce-Smith,® 1,2 photoaddition has been observed
only where the ethylenic compound is excited or where
one of the reactants has marked acceptor properties,
as with benzene-acrylonitrile” or benzonitrile-tri-
methylethylene® The 1,4 addition of benzene to cyclo-
butene has been reported® by Srinivasan, but provides
no stereochemical information.
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a, R =R;=CH; R,= Ra
b,R,=R,=CH3;R,=R;=

The cycloadducts are best prepared by 2537-A ir-
radiation of 5-109 solutions of benzene in olefin
as solvent (at —15° for butenes) since quantum yields®
increase with olefin concentration. It is preferable
to limit the irradiation when the desired product is a
1,2 adduct since these adducts are photolabile® and
soon reach a steady state, whereas the 1,3 and 1,4
adducts continue to grow.? The 1,2 and 1,4 adducts
are conveniently located on gas chromatograms by
mass scanning, since they have characteristic spectra
in which the parent peak is small and those for the
aromatic and olefinic components are intense. The
isolated adducts are readily distinguished by uv; wvide
infra. Utilizing this approach, we have isolated and
characterized 1,2 adducts of benzene with tetramethyl-
ethylene and the but-2-enes and of toluene with cis-
butene. The formation of 1,2 adducts with several
other cyclic and noncyclic olefins has been inferred
from the early appearance of characteristic absorption
(280 nm, log ¢ ~3.5). The 1,4 adducts of benzene
with six C;-C; olefins and of toluene and o-xylene
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with cis-butene have also been isolated and charac-
terized.

In this preliminary report, however, we will char-
acterize only the 1,2 and 1,4 cycloadducts of benzene
with cis- and trans-butene. Only one 1,2 cycloadduct
and one 1,4 cycloadduct were detected with each olefin.
The 1,2 adduct of trans-butene®® was identified as
trans-7,8-dimethylbicyclo[4.2.0]octa-2,4-diene (1b) by
comparison of its properties with those of the known!!
compound: Mg, 276 nm (lit. 274,12 278'%); nmr!2
& (area, multiplicity) 1.02 (3, d, J = 6 Hz), 1.07 (3, d,
J = 6 Hz), 2.25-2.55 (3), 3.05 (1, m), 5.4-5.7 (3),
5.75(1, m) (lit."* 1.01 (3, d, J = 6.5 Hz), 1.09 (3,d,J =
6.5 Hz) or''™® 1.02, 1.07), 2.1-2.6 (3), 2.8-3.2 (1), 5.3-6.0
(4). The 1,4 adduct, which showed only end absorp-
tion, was identified as trans-7,8-dimethylbicyclo[2.2.2]-
octa-2,5-diene (2b) from its nmr spectrum: 0.85 (6, d,

= 5 Hz), ~1.0 (2, m), 3.15 (2, m), 6.07 (2, m), 6.36
(2, m). The olefinic protons at § 6.07 and 6.36 were
observed to be coupled to each other, / = 7 Hz,
with each being additionally coupled to the bridge-
head protons at & 3.15 with J = 6 and 1.5 Hz. The
shifts and coupling constants correspond to those!?
of bicyclo[2.2.2]Joctadiene, which has resonances at §
1.25, 3.59, and 6.27, with J2,3 = 73, Jl’g = 6.5, and
Ji,s = 1.3 Hz. Since the protons at C-2 and C-3
in the photoproduct have different chemical shifts,
it must have the trans configuration.

The 1,2 adduct of cis-butene was characterized as
cis,endo-7,8-dimethylbicyclo[4.2.0]Jocta-2,4-diene on the
basis of its uv and nmr spectra: Amax 277 nm; nmr §
1.03 (6, d,/ = 7 Hz), 2.80 (2, m), 3.20 (2, d, J =
Hz), 5.34 (2, m), 5.69 (2, m). A known!! cis isomer,
formed by thermal cyclization of cis,cis,cis, trans-
decatetraene,'® has a somewhat different nmr spec-
trum:**  § 1.03 (6, d, J = 6.4 Hz), 2.56 (2, s, br),
2.75 (2, m), 5.72 (4, s). The fact that the bridgehead
protons (8 3.20) in the photoproduct appear as a
doublet, whereas they are evidently'* a singlet in the
thermal product, suggests that the methyl groups are
exo in the latter and endo in the photoproduct. Upon
irradiation of the 1,2 adduct at 2537 Auv absorptions
indistinguishable from those of the aforementioned
tetraene appear. The 1,4 adduct of cis-butene, which
again showed only end absorption, was identified as
cis-7,8-dimethylbicyclo[2.2.2]octa-2,5-diene on the basis
of shifts and coupling constants in its nmr spectrum: ¢
0.76 (6, d, J = 7 Hz), 1.69 (2, m), 3.25 (2, m), 6.1-6.3
(4). An AA’BB’ analysis'® of the olefinic region in-
dicated that each of the olefinic protons at § 6.20 and
6.22 was coupled to a like proton, J = 7 Hz, as well
as to a distant (8 3.25) proton, J ~ 6 Hz. In this
case, like olefinic protons are coupled to each other and
the product must have the cis configuration.
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The retention of olefin configuration in the 1,2,
1,3, and 1,4 additions suggests that these reactions
are concerted. There is good evidence? that 1,3 addi-
tion involves the singlet (B,,) state of benzene. It
is likely that this state is also involved in 1,2 and 1,4
addition, since the relative (initial) yields of the various
adducts remain constant® over a wide range of con-
centrations and proportions of reactants, such that
the benzene singlet-triplet ratio would almost certainly
vary. From orbital symmetry considerations, how-
ever, Bryce-Smith has concluded® that concerted 1,2
and 1,4 cycloadditions in which configuration is re-
tained are allowed from excited olefin plus ground-
state benzene, or from B,;, benzene plus ground-state
olefin, but nor from B,, benzene plus ground-state
olefin. If all of these interpretations are correct, an
apparently forbidden process does, in fact, occur with
at least moderate quantum efficiency.® This result can,
perhaps, be rationalized by the intervention of an
excited complex, formed from !B,, benzene and ground-
state olefin, in which mixing of states” results in
relaxation of orbital-symmetry restrictions. The for-
mation of such benzene-olefin exciplexes has been pre-
viously suggested !® but not yet proven.
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The Synthesis of Spiro Systems by the
«a’-Annelation Process
Sir:

The synthesis of spiro-fused ring systems has usually
been accomplished by multistep techniques which often
preclude the obtention of structures having diverse
functionality.! The a«a’-annelation reaction,? which
has been used for the synthesis of a variety of bridged
bicyclic compounds,? may be applied to enamines of
certain ketones to afford, in essentially a single step,
spiro frameworks having functionality usefully disposed
for the conversion to other systems.

Condensation of the pyrrolidine enamine of acetyl-
cyclopentane* (1) (549 from ketone; bp 76-80° (0.1
mm); ot 2790, 1620, 1385 cm™Y) with methyl a-
(1-bromomethyl)acrylate>® (2) (bp 68-74° (12 mm);
pCECE 2040, 1715, 1630, 1175 cm~!) in benzene’
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followed by addition of triethylamine, acetonitrile, and
reflux afforded; after aqueous acetic acid hydrolysis, a

@ 0
O~ o~

CH,

CO,CH,
1 2 CO,R
3,R=CH;
4,R=H

78 %, yield of methyl spiro[4:5]decan-l-one-4-carbox-
ylate® (3) (bp 130-135° (0.25 mm); »“HC: 2960, 1730,
1710, 1440, 1175 cm~'; Toe® 6.32 (3 H, s), 7.0-
8.50 (envelope)). The corresponding acid 4 (mp 102-
103°; »CPCk 2960 (b), 1730 cm™*; 7 5.33 (2 H, s),
7.20-8.80 (envelope)) was produced by basic hydrolysis.

In a similar fashion, reaction of 2 with the pyrrolidine
enamine of l-acetyl-2-methylcyclopentane®* (5) pro-
duced a 78 97 yield of a single isomer of methyl 6-methyl-
spiro[4:5]decan-1-one-4-carboxylate (bp 110-112° (0.2
mm); »CHC 1735, 1710 cm—1; 752%% 6,30 (3 H, 9),

ppm

7.00-8.70 (envelope), 9.00 (3 H, bd)) shown to have

CO,CH,4

“OCH, CO,CH;

o 94

HC H HC
6 7

H

the configuration 6 by its sodium methoxide isomeriza-
tion to isomer 7 (»$HCk 2960, 1735, 1710, cm—?!; 7CPCh
6.28 (3 H, s), 7.0-8.70, envelope with strong peaks
at 7.65, 7.90, and 8.40, 9.15 3 H, d, J = 6.5 Hz))
having a shielded methyl doublet. Interestingly, at
equilibrium the ratio of 7 to 6 is 70:30. The production
of 6 as a single isomer in the annelation suggests the
intramolecular Michael is occurring from the least-
hindered side, opposite the methyl, and that the pro-
tonation transition state has a configuration and
idealized conformation approaching those of 8. Inthe
alternate transition state 9, severe nonbonded inter-
actions develop between the methyl and the a-methylene

HC

(7) The intermediate methyl a-(3-keto-3-cyclopentyl-n-propyl)acryl-
ate (bp 108-110° (0.2 mm): ¥SEC 1715, 1630, 1450, 1155, 960
em~1; 78D%k 392 (1 H, d), 4.48 (1 H, bd), 623 3 H, s), 7.40 (4
H, s), 8.16-8.45 (envelope)) may be isolated.
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