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There has been great interest in the synthesis of polycyclic
compounds using o-quinodimethane intermediates, and various
methods for the generation of o-quinodimethane intermediates
such as metal! or anion? induced or thermal or photochemical
elimination® reactions of the corresponding precursors have been
reported. By using these methodologies* or thermolysis reactions
of benzocyclobutene derivatives,® numerous syntheses of steroidal
frameworks have been developed.

We wish to report a convenient and new type of method for
the generation of o-quinodimethanes intermediates 2 by proton
induced 1,4-elimination® of o-(1-hydroxyalkyl)benzyltributyl-
stannanes 1 followed by their cycloadditions with dienophiles.

First, we found that one-step synthesis of the precursor of
o-quinodimethane, o-(hydroxymethyl)benzyltributylstannane 1a,’
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c: R=n-Hexyl 67%
d: R=5-Hexenyl 60%

was successfully accomplished via stannylation of the dianion of
o-methylbenzyl alcohol.®  Furthermore, the precursors of o-
quinodimethanes which have alkyl substituents at the « position
could be easily prepared by extremely short steps, Thus, o-(1-
hydroxyalkyl)benzyltributylstannanes 1b—d were obtained by
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Table I. Cycloadditions of o-Quinodimethanes with Dienophiles?
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alkylation of o-tolualdehyde 4 with Grignard reagent followed
by similar stannylation of the resulting alcohols 5.

The stannanes 1 were distillable compounds and stable in air.
The generation of o-quinodimethane intermediates followed by
their intermolecular cycloaddition with electron deficient olefins
or acetylenes could be readily performed under mild conditions.
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A typical procedure is as follows. To a solution of o-(hydroxy-
methyl)benzyltributylstannane Ia (500 mg, 1.22 mmol) and maleic
anhydride (358 mg, 3,65 mmol) in dichloromethane (1.0 mL) was
added trifluoroacetic acid (0.19 mL, 2,43 mmol) at room tem-
perature, and the mixture was stirred at the temperature for 1
h. After removal of the solvent, excess trifluoroacetic acid, and
maleic anhydride under reduced pressure, n-hexane (5 mL) was
added to the mixture, and the resulting mixture was filtered.
Washing the remaining solid with n-hexane (20 mL) gave 235
mg (96% yield) of 1,2,3,4-tetrahydronaphthalene-2,3-dicarboxylic
anhydride 3-i.!!

Some examples of cycloadditions of o-quinodimethanes with
dienophiles are summarized in Table I. The generality of this
reaction is indicated by the finding that both nonsubstituted and
a-substituted o-quinodimethanes are generated to produce cy-
cloadducts in excellent yields.

Finally, we focussed on the application of the present method
for intermolecular reactions to intramolecular cycloadditions of
o-quinodimethanes leading to polycycles. When a solution of
trifluoroacetic acid (0.1 mL, 1.2 mmol) in toluene (30 mL) was
added dropwise over 5 h to a refluxing solution of o-(1-
hydroxyhept-6-enyl)benzyltributylstannane (1d)° (500 mg, 1.01
mmol) in toluene (50 mL), octahydrophenanthrene (6)!° which
has trans stereochemistry was produced in 75% yield.

(9) 1d: IR (neat) 3350, 1600, 1440, 1040 cm™; 'H NMR (CCl,) § 0.5-2.4
(m, 36 H), 2.3 (s, 2 H), 4.5-6.3 (m, 4 H), 6.8-7.5 (m, 4 H).

(10) 6: *C NMR (CDCl,) 6 26.3, 26.9, 29.8, 30.6, 30.9, 34.3, 49.6, 43.7,
125.1,125.2,125.3, 128.7, 136.7, 140.2. The trans stereochemistry of 6 was
confirmed by comparison of its *C NMR spectrum with that reported.
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Efforts to further expand the scope and utility of this metho-
dology to polycyclic systems are under active investigation in our
laboratory.

Supplementary Material Available: 'H NMR data for the
stannanes 1 and cycloadducts 3 (1 page). Ordering information
is given on any current masthead page.
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Interligand reactions on transition-metal complexes accompa-
nied by the formation of new C-N bond(s)** have been of great
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Figure 1. (a) Isotopic multiplets in the low power broad band proton
decoupled 100 MHz 13C NMR spectrum of [Co(D-Rib-en)(en)]* (1) in

a neutral ca. 1:1 H,O-D,O mixture. (b) Possible two- and three-bond
isotope effects and expected isotopic multiplet patterns of 1.

interest in macrocyclic chemistry and coordination chemistry. In
these investigations, it is desirable to identify the C-N bond
formation unambiguously and easily. We wish to present here
a simple method for identification of the C~N bond formation
in diamagnetic complexes,

We have already reported the synthesis and characterization
of Co(III) complexes containing an N-glycoside derived from
ethylenediamine (en) and an aldose,* In the report, the formation
of a new C-N bond has been presumed according to the chemical
shifts of the *C signals from the en units in their routine 3C NMR
spectra. One of the signals assigned to the en carbons, which
presumably corresponds to the carbon atom adjacent to the gly-
cosidic nitrogen, appears at 7-8 ppm downfield from the other
three.

Deuterium isotope effects on *C NMR chemical shifts are very
helpful in spectral assignments and molecular structure deter-
mination.>!*  Partial deuteriation of exchangeable protons in
amines,”” amides,® alcohols,>!* carbohydrates,'' and nucleosides,’
etc. leads to isotopic multiplets in 3C NMR spectra observed under
slow exchange conditions. In the spectra of the cobalt(III)~amine
complexes, indeed, isotopic multiplets corresponding to isotopomers
of coordinated amino groups could be observed even in neutral
H,0-D,0 mixtures.®* We applied this technique to the cobalt-
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